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(57) Abstract: It is intended to provide a method of examining a (-) strand RNA virus vector having a lowered ability to form grains 

O or a lowered cytotoxicity or lacking the same; and a method of constructing producing the Vector. It is found out that the formation 

[yT of virus-like grains in cells having a (-) strand RNA virus vector transferred thereinto can be regulated by lowering or eliminating 

1^ the localization of M protein expressed in the cells. Thus, a method of examining a (-) strand RNA virus veaor having a lowered 

fs,| ability to form grains or lacking the ability, a screening method, and a method of construaing the (-) strand RNA virus vector having 

O a lowered ability to form grains or lacking the ability are provided. The vector having a lowered ability to form virus-like grains 

^ or lacking the ability is highly useful as a vector for gene therapy, since it never causes cell injury or immune induction due to the 

^ secondary release of the virus from the cells into which the vector has been transferred. 
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T&^. ±>^^^^}v:^ (sev) ^^t5 i-)mMk^^)v::^(Dm.^m^m^(Dm 

/70055 WOOO/70070) » Jin^©^^^ iJ^-jO^JtoPpm-^© 1 0(C 

^75^. mmm^mcfsi^^¥xmsevmxi^rcmmm^^^ho^)v:^mML'? (vlp: 

virus, like particle) ©m^&^li^^nTliS. JKDct^^SiVLPSr^jgbi^tiC^ 

Matrix (M) mB\t\i^)-t>mmz^>bm£m^]^hx^^^^ti^\ ±>y^'y 

^)V7. (SeV) ^, -ftfe© (-)TOA'^^;i'XT^^$tlTVi5. vesicular 
stomatitis virus (VSV) ©MMfiO^^^^^TC^^' (VLP: virus 1 

ike particle) (O^^tim^-^flX^Ki (Justice, P. A. et al.. J. Virol. 69; 
3156-3160 (1995)) . SfeParainf luenza virus ©:^'&t>MSe©^>-©^^^m 
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P*54i;-5::t*«^^$nTVi-5 (Coronel. E.C. et al., J. Virol. 73; 7035-7 
038 (1999)) o :L(D^vmmBM.nr(DyL?m}$.\zmVX\t. ±X<D (-)ISRNAC7 

^^t\t. ±x(o {r)mmk^>()]^7.x^mhx^^^tmikt^z.tf(ix^^ (ca 

roff, H. et al., Microbiol. Mol. Biol. Rev. 62; 1171-1190 (1998)) „ 

afts) }imtnx\/^^M (Simons, K. and Ikonen, E. Nature 387; 569-572 (19 
97)) XM. 7C>«rmriton X-100(Dc]:f>J5:#H:t>ft^MS1i^JCT^if<DiigK 
jS^tL/TH^^tlfc (Brown, D.A. and Rose. J.K. Cell 68; 533-544 (1992) 
) o ^ >y )VJiy'^K7 ^ (Ali, A. et al.. J. Virol. 74; 8709-8719 (2000 
)) X M^'^^)V7. (Measles virus; MeV : Manie, S.N. et ai., J. Virol. 74; 
305-311 (2000)) RrJCseV (Ali, A. and Nayak, D.P. Virology 276; 289-303 (2 
000)) #t?Ufcf>y H^7h (Lipid rafts) T©HU:t>?^^3?>^iE?g$nT^t), 
■e;il?MMattx>^D— {m^QWBthm&-&^^) -^ribonucleoprote 
in (RNP) ^i8«iLb*U:t>M$^Eii-r'5, Wb^^ )l7.7±>ZfU tm^ (bu 
dding) (DmWilo tfSi-oXlf^^t^^^n^ (Cathomen, T. et al., EMBO J. 17; 

3899-3908 (1998), Mebatsion, T. et al., J. Virol. 73; 242-250 (1999)) « 
MWz. Mge«spikega(Dcytoplasinic UiltB-ut^^itiiK -r>:7;i/X> 
(Zhang, J. et al.. J. Virol. 74; 4634-4644 (2000)) RU^SeV (Sa 
nderson, CM. et al.. J. Virol. 67; 651-663 (1993)) mx^^nx^y)> t 
feRNP<h©^'&fe<>7;V'X>1fr>^;UX (Ruigrok. R.W. et al.. Virology 173 
; 311-316 (1989)) -^^ /t^-f >7;i'X>1f ^^7^' Jl'XJ^U^SeV (Coronel, E.C. et 

al., J. Virol. 75; 1117-1123 (2001)) ^T^^nxVi^. ^\Z. MSSg^© 
;j-Ud'T'-M'\<D||#;J>tseV (Heggeness, M.H. et al., Proc.Natl.Acad. Sci.U 
SA 79; 6232-6236 (1982)S.CK7K?Si4PF«92^^'^^;P:^ (Vesicular Stomatitis Vir 
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us; VSV:Gaudin, Y. el al., Virology 206; 28-37 (1995), Gaudin. Y. et al. 
. J. Mol. Biol. 274; 816-825 (1997)) ^T|g^$tl, cni^g^KCD^^ )\^7.n 

^^(omzJit. uMBizmur^t-^i^^t^^rco ^tc. x>^D~yse (sp 
ikese) izmvxh^^izj: f}n?nmmizmM^-^miihmizm'Di!}^mm^ 
tiTiri^o i^v:t>m^mmmizm'pLrcM^mf3imBtbxsxy(Dmm\i!)^^ 

-So ffi:;^3^^^';PX (Rabies virus; RV) ©Jg-^. G^^X^MlZ^l^TVU^^ 
m/ZOizm^PL (Mebatsion, T. et al., Cell 84; 941-951 (1996)) , 
^m\Zii\,^xmmQ.OOQ&rFizmpLrctm^^tiX\^^^ (Mebatsion, T. et a 
1.. J. Virol. 73; 242-250 (1999)) , tfc. m^^^}V7. (MeV) Mg 
eX«lc:feV^Tcell-to-cell©SI^;dt/LjiU (Cathomen. T. et ai.. EMBO J. 

17; 3899-3908 (1998)) , ::n\t}fi):tyi^mmm-^nrc^x^^t%x?>c 

t^^Xt^o ^fc. mB<Dm^fiMf}^¥^l^mEm&(DcYlQDlaiSfaic tail («» 
#JOx-;i^) (D^miz^-oXh^CXl^^^ (Cathomen, T. et al., J. Virol. 72 
; 1224-1234 (1998)) , WlZSem^\,^Ximr(DA%m^f}^ZfSi-:>X^^^o SeV 

(D?3.zmf)i^mmmzm-oxi,^^m (m-^-J)w:^i^m\z:^^Lx^^^m) . 

-e*n (FRmm) OCytoplasmic UiimmBtB'^VX\r^^Ctit)^^-^tiX\^^^ 
(Sanderson, CM. et al., J. Virol. 67; 651-663 (1993). Sanderson, CM. e 
t al., J. Virol. 68; 69-76 (1994)) . gp^, *^HJ#e«, IfU^ym^o^m 
T^S»M±®U tf«:/ K^7h (Lipid Rafts) ^m&AmmmzMt^^n^ 
rcmzlt. FS^)vHN©Cytoplasinic tailiOig^^&^a^TfZfe D". m&UmmM\Z 

^^L:/3if)^^?Rzmtm^t^z. tx\ ?Rzm<D^mmm\zm'D rzmxmmm 
^mm-^nxif^^trnxtco 
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'^'f^7.^^:£'r-5ii@*#SL:'a:ttn«?^e>-r, ±iBOJ:-5tRV (Mebatsion. 
T. et al., J. Virol. 73: 242-250 (1999)) R^XMeV (Cathomen, T. et al., EM 

BO J. 17; 3899-3908 (1998)) irfEJC^^^nTVi^v'T^T^A, Hp-fevacccinia v 
irus (VV) TdrivebifcT? polyneTise'V^M^MM't^->X7^Al!\tM^^ ^— 

(D^^)V7.\m^nm<. i^rcmm,^m\zmmLftm^. mmvmiK^^^ji^ 

h (Lipid Rafts) 'vSiff S^fJ^^^nTVi^FSmiNMe^^^Slt'l)*^ 
, ab§Viti^ne>©cytoplasiic tail©^^^^$1t^^^?r^A1"^^:t*^'# 
;ie>nSo fib, mzSeyom-^ltPX^m (WOOO/70070) ^ViJlHN^<J^S (Strlc 
ker. R: and Roux. L. J. Gen. Virol. 72; 1703-1707 (1991)) \Z^\^^X^<(D 

m^^X<Dm. spike® e {CM LTcytoplasmic Uim^xnmmzB^t^t 

^m-^n^mmmM-^nx\,^f3i\,\ ^ftmBmizmi^x%mmx:ii>r). mmz 
nmfSnz^m-r^t=fm-^n^m.mm^-^nx^^mK ie\z. MM±(Dm^<o 

muxitmMx^f3:^^^^f}^(Dmi^m'y ^ )V7.i}m^-^nx\^^^. *^bj# e. it 

ikemmz^m^mr^%(D^mmrnit. is.^x m^mv) C7^;ux^jgs: 
m\ m^'i'^WM(Dm)t^mmu^n2:r)iitMu (^j;^«37t:) xnoz.t\z^ 
0, n?M^^mxt^pjm^i)^$>^t^xrco z.(DU^(Drz^\z. :^mm^^ 
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mBwmmnmu^^m^u-^-mmm\z^mh<m^rct:i^. » (3 
2X:) \zi5\,^xhmmumxomBomwitmM\zm^vx^y). m/hW (micro 
tubule) (ommAzmrnxmrn-^ntco -^^^z. (zix:) xmmmm'b'^ 

>L^&=itii^M^u-ox^^^t^^^nx\^^mW:B(DmMP^M^(D^±x$>^tW(i^ 

mt^ z. t^mmr^^ ^ tm^^^m'^mM ^mmt^^tiz^y). mBom 
mp^M&(D^M:^^±^-^'&. 'mmmz-'Aniiim.'i'<Dm{i>^mmt^^ti)^'^' 
mtn^-^n^o •t^t>t>^^mmi^\t. mBm<Dmmzxm^^\:'-^'^^^^ 
75:^s&WTs (-) mmk^ ^ )vx^^ ^-^mm-t^ z^iz^-dx. n.^mf^m 
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§e:i:'bT#'5o eme-o^s-j^tt, senc\^r\tfs.<. m(D(-mmk^^}V7s'^^ 
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timmnrzo mm'^^iK^Lrcmpikm^}V7.m.'f'im±mmo)^m±m^\z 
10' cimm±<Dtimxmu-$n. c(D^H)vx^mAvrcmm'T!\t. ^^jvt. 

Wfmm^n^mw.'T^^jvA-mm^mcizi^tiib. cn^m^^xmmm. 
B.'f^x^Lrzmm^'y^jvT.&T^wtbxmmr^z.tizmjhrco e7-r;u7. 
\m^mm(D^m±m^\zm±\Q' cwmm±<Di]mxmu-^n. n^nrc^^ 

}V7.^^^-it. ^n^nmm(om^'?^x^^^rcm^izit-<mmm'^mm 
m\zm^hx\^^^;iti!}mm-^nrc. :i<D^^)V7.^i7^-},t. ^mmmz^v 

mmm^^ts0< (Dmmizmmm^^t^m^^mx^^^-t Lxmim-^m 

:^m^^zsmM:i5mizmL. j;D*#«j{ctt, 
(1) (-mmk^^jvT.^^^-cDm.'m^m^^^T^^mxhox. m^i^ 
^-^mxh-ftmm\z^i^^m&M(Dm^^^mir^xm^^t5-^m. 

>ift^:&^x^-:>x. 

(a) ^^^^-^mxv-^mmzmMmBnoMitE^^mt^xm. 

(3) m^n(DmmK umBm(DmmMm(DmMx$>^. (d ^rdt (2) 



wo 03/025570 



8 



PCT/JP02/09S58 



( a) ^imm'^uwt^ (-mm^^jv:^^^ ^-^rnxvitmrnzm 

(b) ^m^^mr^tzmn^^'ttm^^misit^xm^ ^^ts:^^. 

ji«^$ns5t^^<D^M*T2&s, (4) ^Tciit (5) {iia«©m 
ji;^i*T*-pT, (4) e> (6) <D\^^irn^^\zmm(Di5m\z^r)^^^rc\m 

(9) ifiBxgd^ mmmmiz^if^m^'j'mm<Dmmi)mr^tc\m^t^u 

^K^-fr^IgT'^S. (8) lCfBa<Z);^S, 

(10) iaif^S14^SM3ie^;{>< ±>'y^O-C)V7.m^m(DG69. T116, 

X'$>^. (9) lc|B«0;^^, 
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(11) i^lBXiS^^^ m^i)^ifzmLxi^^^i-)mm'y^)Ux^^^-^. n 

§xgT*§> (8) \zmm(D:^m. 

jtr^, (7) (11) (D\,^'rnifi\zmwi.(Di5m. 

(1 3) ia^S^14^MHN«ei^*t, ^y^-(^^)\,7Mm^n(0mi. G264, 

e^T^s, (12) \z^mo>:f5^. 

(14) {-mmk^^)V7.^^^-tiK ■^h\zm^n/-^rdamB.f'\z^^^ 

«}#T§> (7) ti^^ (13) ©Vi-rnj&it^lBm©^riS. 

(15) m^^f-co^mt^ ■\Ly^-(^>()\^7.m^m.om:^^w^fz\ti^\\\z 
n'^-t^(.-)mmk^^)V7.m^no7^jmumm<o7^jmzm.mnrc 

(16) Lil^O^MJi^. iz:>^-<'?>i';i/:^LgaSCDN1197:feJ;aC/^;rc«K1795 

fe^^ST*^, (14) ^fc« (15) \zum(D-)jm. 

(17) ^i^i5^-®S^^^3 SICiE^TTff^Xig^-^tf, (7) ;0^e> (1 6) 

(D\,^rfyti^\zum(o^m> 

(18) (-)^RNA'^7>f ;px*Vl7S^7yr>^;i,XT?ab^, (1) tS^?* (17) (D 

^^rniiAzuwLoijm. 

(1 9) ny^i^v^^)V7s-m-^>-$r^^^)V7.'^h^. (1 8) {;:|B«©;&?* 
(2 0) (7) ^^e. (19) a)Vi-rny5^tlB«©;&r*(Cj;DS[3i^n:fc, 
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(2 1) m^mx(-)mK^^)v:^'^$>-:>x. mmmmBmm-t^n^. 

(2 2) TIB (a) pio (d) il}^^f3i^m^K^mn-^n^'P13.< thlO(D^n 

^mr^m^mx (-) mm^ ^ jvt. , 

eK©ffiTOto75 y ai^fe(;:ffi^T§7$ ymiimcDr^ /mizmm-^nx 

(2 3) iJ>;5;<it> (a) i^^XS (b) cottK^WT^, (2 2) \zmm(D^-( 
(2 4) iJ>>^<tt) (c) ^^ZS (d) 0l4K**-r?), (2 2) tiB«OC7w 
(2 5) (a) >0^e (d) (D±X<Di^n^^t^. (2 2) fCgB^©':?^;!/;^, 

('2 6) m^^jv7s<D^/A\z^^>x7./u^mB'm^:n-\ir^mm(D'>f3i< 

thl-0^^io\ZXl^-t?>. (2 1) (2 5) (D\^^ttLffiizmm<D^ ^ JVX 
(2 7) X/l-fiJ'MeRd^MaMT^S, (2 6) },zBm(D^-()\^X. 
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(2 8) (-)^RNA'>^;PX/&Vl7 5i^V'^^;U;^T?^S, (2 1) i)^^ (2 7) 
(2 9) nyS.i7V^^ )V7.i)t±>y^K7^)V7.r^^. (2 8) (ClBmO'^'r 

(3 0) m^'i'mx\z^nmmmm^^mm-^i^^rcib\zm\^^^. (21) ;()^ 

e> (2 9) ©Vil'nd^Mit^m^m^'i;.^;!/;^, 

(3 1) i&B^mxiz^n^mx^m^<D^mu^)V(D^T^mmt^rcisb\zm 
v^^, (2 1) (3 0) ^^^-rnMztimo^u^mpi^ ^ 
(3 2) jie^^A{ci3ViT'^^;i/X&SAU;fcm)5ie©'>^';PX!|ii|i[^^ (vlp 

) (Dmm^nu-r^rcisb\zm\^^^. (21) io^?) (31) (D\,^-rnmzmm<Dm. 

(3 3) (2 1) yji^e. (3 2) ©Vi•rn3&^^CEm®SL^5^•^fe;l':7^;^X^£rlO'' ClU/m 
(-)MA>^^;i/X^i^i5'-$^AbfcttlC:fett§MgfiM©^«E 

if^- (Dim.!"^^-^ ii \z mm-^ 'it^muht^o m.i''!^^mt)ti^wm 
-Q\t. mBw,mmmM\zik<i^m-^n. ^K)m^\zmsmMm\zmm\^x^^ 
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*t<£TTSo IBO^^iz. MSail®ifflllS^®fc:feltS)i^dW 

mmmm^tmmn. mm^mizmtE-r^Rt) d izmmn^^mmmizmBn 

miEhtcf). Mz^wmmizmmma^mmLx^^^m'^it. ^^^-otm-^^ 
m\-mii/vE^tdit^±\z^^\^x\^^^tmm^n^. mmz^n^mBmom 

& mzmm^m(omBM(Dwmmm-^nfc^^^-^^mr^^t\z^x^. 

\z^\-^m^B%om^ {z.xi^m.B%(D^^n,m^h^m=b') ifi^WiZism^ 
n-scitT^-So ^wmz\%mmz^vi^m.B%(Dm^(D^%t.\x. ^=m^^ 

■^tzMm^fh^h^^ -en-6nMgss©^«E©®T*fcM^tW5. ^^^^ 
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M&omr^^u^^^iit:. ^^m\zm^mBnoM^oiKmthxmzm 

mmzi5ifyMm:Bn(DmtE(Di^mt. mm^m\z^^:^^. ^i:xsf^m^^iz 

Txm^t^^t^'^x^^o src. mm^mm'^^ ^j^^<Dmm^mmz^r)mm 
m^^nx. umBmizMt^mi$-^m^>rzf^mm^rc\to::L7.^>':^u vv-^ 
y^m\zi^ m^^mi^^i^ti^n^^m%-^^ ^t\z^x>Wi-iE-^m^^z.ti)'ix 

^m-^o mjmiz^n^mBn(Dm^f)m'ri^x\^^n\t. ^(D^^)V7.\t. m 
"iFm^iAm^hxi^^^tm^-^n^o ^mmo-:Hm\z^^^xi,t. mizmf^^wm 

mm^mmmBwmM^^Hi'r^izu. mm^m\z^^:^^. ^^z^^^m 

m^(DmtfS.^<DitmmM±Olmd nftstmitflX^^^mx^X). Triton X-1 

oo(D^^mM:t>^^mmm\\z-^m^(DmMm^x$>^o m^mtsm^m 
mRmmB^MM\z\mnt(Dm^m\zi:r). ;i©utfyK^7h aipid 

rafts) X^^)VXZi>i}^-:^>h^1^-r^tm^^nxi^^^Ct'fy^^. U tf 

v]^^7h (Lipid rafts) ^MWi. n^Mmxi^mn^mBimMLfcm 
Bn^R^vx\^>^tux^zLt-i!)tx^^o -tfsit^-h. ^m$n2.Mga®**^'<£ 
TLti^^nt^x mm^mmm&n(omMf)'^i&'rhxw^tmm-^n?>o * 

±(Did^^<WJ}dy ]^^y h (Lipid rafts) xmm^omM^U^m^'t^ 
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mm*mm-^n. m^(DmMi}^fs. nn\mmm^tfs. < mmm(Dmn-f)'^mm'^u < 

±.U(D^^\zmBnoiLnfs.mwfi^M\zmm^n^':.t^n^o 

mm^(D-mz^\f^xmm^^y'^tdim^-r^m'^-fs.Eh^ts. ^eic. 
m^mtnmoWi^im^^ti^ ^(DUM^K^%^^umz^\^^xm^m^nhm 

m^misi-m\f^ m^m^mtmyt^tcMm^ vft^^ jvt. <£mii-r s ^tt)^x 
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mo^^T'^tdim^M. )v:^<^^-<D^m^f3ii&^5^^mi!)^^i^vx\^^^ 
:®^d«^*n. m^it—^(Dmmiim\z^^^xmm}^rc'C^^)]^7s0m.^mfSc.mii^ 
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(Di^M^tzit-ryt^^ V Y:::.-m'^uE\z^rinD^tti^x^ho nf-m^m 
sfc, n.i''i^mmom%\z\t. mm^tc\mmm\zm.=f'mmm^T^^t^ 

^ y( )V7.\z^^n^im'^rz\^^^n-^^m\z^^ioi^xs'&mt^^ttimmx 
tJ^}V7.m'^\z^^^n^^^hWM^Kmo^■~WLmwm.m.^ 

^. mX\fmSYm. Liposomal Transfection Reagent (Roche, Basel 

, Switzerland; Cat No. 1811169) UEO^y^^^y aLi>=/a>UM^m^^xn^Z. 
iifAX^^. ^^)V7M'^^'^tih^\,^\t^'^l3.^i^mm 100/zHCDOSPBR U.^iil 
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\zmmizmMLUf)^ib vy>xy:c^=y3yt^o iBmzmmmuo^^^m. 

(Kato, A. et al., 1996. Genes Cells 1: 569-579; Yoneiitsu, Y. & Kaneda, 
Y., Hemaggulutinating virus of lapan-liposome-iDediated gene delivery to v 
ascular cells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. U 
ethod in Molecular Medicine: Humana Press: pp. 295-306, 1999) . hy>y. 

>X:7x^v'3 >fSx MA.t^DOSPER Liposomal Trans feet ion Reagent (Roche, B 
asel, Switzerland; Cat No. 1811169) ^fflV^Tfr^ t^S^Tt^. VLP=Sr'^tra& 
'SViJi^^;^^:*^^ lOO/iHCDOSPER 12.5^1 ^U^L, MMXlO^nm^. 6 w 

el 1 hiz3>y)Vj:>h\zmmv^mm\zn5^mzimvf3ii!A^ hy>y.y 
xi5''>3 >Ts. 2B^izmmmm<Dmm^^iiit^zt'aiT(D^m^'sjm-r^& 

^i7^-^mA[yrcmmz:^n^m^n(Dm^^mih-r^'xm. iw m 
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m^T^M^^. &^\^m^mz:^^t^^rc\tA^m\ziiFiiivrc^nB(D^m 

n^o ^^i^t\t. mxyim&mm^i'Mm\zi^vxi-o^rc\tm^o)T^ym. 

i3iEx^^. imm^'^tLxmmm^^^m^^^^iziit. xm (a) \z^\,^ 
x^^^mmBij-^^nr^ (-) iirna"^ ^ jvx^^^-^mxvtzmmiz^n 

tcitBum^^^mi^^^m^izit. xs (a) iz:^i^xw^^m^^?^Ji^zs/^rz 
\-mm^T^imr^(-mMk^4}i:^^^^-^mxLrcmmiz^^^x. m< 
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(^Af^, pH, urn. -fb^tlOM. -ftUOste 

t:^t^:&m\z^^^^mm\zmyt•v^^::t^M.mLrzo :¥^mo:^m 

iz^ omm-^ntz. ^iTM^mMi&T^rzim^Lrcm.^mx (-)mmk^^ jux 
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stB^ftbTt)ckVio sfc. mx\t. m^'^^^mt^^^^-^mm.'T^m^iz 

^\^^x^. m±mm^'?^mmrmmm\zmm-^'itxnmf^moo 

^tE(Di&T^rc\tm^i!)mm-^n. ^ ^ )V7.nmm(D^mmM\z±^'r^ z. t 

mmvrco wizn'f'm^mi!)mTt^^mm^'f- (^fc^ae^^^^) ^mr 
:^^^^-0nms^izi5\^^xit. zix:ii^m^x:x(Dnm^<Dmmt^<. mm 
mmmhmm-^n. z5x:&n^tif^v<m2'c\z:^^^xmibxi^mmfs.nm^Tb^'^ 
mtfsi'Drco tj^oT, :^^m\z^n^^^)i^x^i7^-(Dnmmz;^rc'oxit. 

X. m&^(D!m^fd,mm\zi: mmn%(ommmy^tc\m^-r^ (-)^r 
m^'OVT.^i;^-. ^m\z\tm^\-M'^Bn(Dmm,^M(Dmm'^m^^tc\tm 
^t^i-mmk^yovT.^^^-^. mtmmBmmmm\z%m-^^¥rT 
xmmm-^-^^j^M. ^'^t^:^m\zmt^. mm^mmBm t\t. m^mm 
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mm^n^o M^^mzit. ^mtmm^m^zm^mB^Mmommtimy^ 

jv7.im&no^n6tmm^3mz^^^^t5h(D^tifm\zm^^^z.tt^ 
e:jiTG69(i:tiMMaM®69#scD75y^Giy> imtrnmBMonm 

S®75 y mihr^ A183t(iMSaa©183#S©7S yWikli^nto 

tg?:^-r-5^:<h;&?^e>nT^i'5 (Caroff, H. et al., Microbiol. Mol. Biol. Re 
V. 62:117-190 (1998); ) . ^ifc. SeV M^aSll;::feViTaiDphiphilic a-helixt 
^S^nxViS 104-119 (104-KACTDLRITVRRTYRA-119/iB5^J#^ : 3 8) 
^.izMM^fSi^i^tLxm^'^nx^^^ (Genevieve Mottet, et al., J. Gen. Vir 

oi. 80:2977-2986 (1999)) ifi. ^mm.mm-)mmk^ 4 }\^7.mx0i<^^-^nx 
vi?>o m:^n(D7^ymmm\t(-)mmkry^ )vxxmmvxm. mz/^^^^ 
'j^^}V7>.m^iz:ioi^x^imm(DmBmt^mhx±&mm^m7s.ymi)^?> 
fi^m.mimBnx^*). '^mztfrcoxmmm^^^m. w\zcm^^x(o 

l^<B(#J&«iiSVi (Gould, A. R. Virus Res. 43:17-31 (1996), Harcourt, B.H. et 
al.. Virology 271:334-349 (2000)) o tJ^^T. M^^t SeV MMeK©G69, T116 

, Rmmt^m^7^ym\t^$,\zmM't^zitt^m^x$>^o 
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sev MMa®oG69, TI16, Rmmtnf^t^m(D(-)mmk^ ^ )v:;x,um^n 

(Di^mU&tVX\t. human parainfluenza virus-1 (HPIV-1) (^mtmm r 
^b:h^^G69, human parainfluenza virus-3 (HPIV-3) Ta&tlt^G73, phocine dist 
emper virus (PDV)43j:D^canine distemper virus (CDV)Ta5tlJfG70, dolphin m 
olbillivirus (lM)l!$>tlitGll. pes te-des-pet its-ruminants virus (PDPR). m 
easles virus (MV), i3j;tXrinderpest virus (RPV) "e2fetlJfG70» Hendra virus 
(Hendra):fe<J:tl^ipah virus (Nipah)T$>tltiG8K human parainfluenza virus-2 
(HPIV-2)T2&ntSG70> human parainfluenza virus-4a (HPIV-4a)*3J;U5iuiian p 
arainfluenza virus-4b (HPIV-4b)T^ntiB47, mumps virus (Mumps) tfa&tlfiE7 

(DTimzm'^t^mSBMomB&tbXi-i. human parainfluenza virus-1 
(HPIV-1) Ta&m^Tlie, human parainfluenza virus-3 (HPIV-3) TtltfTl 20, pho 
cine distemper virus (PDV):feJ;t;^canine distemper virus (CDV)"ea5tltiT104 

> dolphin lolbillivirus (DMV)T'$>tl^iT105, peste-des-petits-ruminants vir 
us (PDPR), measles virus (MV):feJ;tJtrinderpest virus (RPV)-ea&tltfT104, He 
ndra virus (Hendra) :fe J: ^KNipah virus Q*ipah)T2btltiTI20, human parainflu 
enza virus-2 (HPIV-2)*3^rjfsimian parainfluenza virus 5 (sy5)'C$)tHtTm 
% human parainfluenza virus-4a (HPIV-4a)i3<};^'human parainfluenza virus-4 
b (HPIV-4b)Ta&ntiT12K mumps virus (Mumps)1?afetltiTH9, Newcastle disea 
se virus (NDV)-Z?a5n^^S120*t^^f ens. SeV Mge«OA183tCffi^t-^#MS 
&S.(DmmU&thX\t. human parainfluenza virus-1 (HPIV-l)T'a5ntfA183 

> human parainfluenza virus-3 (HPIV-3) Tfife^?!jF187, phocine distemper vir 



wo 03/025570 



23 



PCT/JP02/09558 



US (PDV):fea;tJ^canine distemper virus (CDV)T«bnm7K dolphin molbi 11 iv 
irus (DMV)'ra&tlf^Y172, pes te-des-pet its-ruminants virus (PDPR), measles 
virus (MV):feJ;lXrinderpest virus (RPY)Ta&tl«Y171, Hendra virus, (Hendra) 
:feJ:t^ipah virus (Nipah)Tf5tlt^Y187, human parainfluenza virus-2 (HPIV- 
2)T$>tl\tim. simian parainfluenza virus 5 (SV5)T^tlt^F184> human par 
ainfluenza virus-4a (HPIV-4a)i3J:t^uman parainfluenza virus-4b (HPIV-4b) 
Ta5tlitF188. mumps virus (Mumps) T^tltiF186, Newcastle disease virus (N 

75.ym mxm-^y. 7;w=^rix \i7.^i^»^. m^r^/m m^ity 
7.ny^>m. ^jv^^ym) . 4¥^mm^7^ym mxit^vi^y. 7xn 

^/m. mfL\f7y:=->. A*UX D^i^X >rya-ri^X :/nUX 7xr: 

^^ifi. h^7^^mz'D\^x. ^(07^jm.t'^m-r^if)\^-':f<D7^/m^i^ 
(D7^jm\zmm'^^tfs.E-i)m^-f^n^. ^wm\z\t. m.m'&7^jmxh 
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^n\zm.i^-^nf3:h\ m^\t-t>'$^^^^)V7.m&M\z^n:b g69e, tusa 

rfSitDt*. •fe>^-f'>^;PX MSaM®G69, T116. ^^Ukim^ 

^Htm^^ }v>^m&m(DmuiiL^, ^n-^tiGiu (e), au od^^^xsser 
(s) ^mm'^z:tf)^-v^^. ctiB(D^mitm.^'^t>'^xmi^xu^iit7i}m 
sb<, m\z±ms^m(D^T^uwiyX^^^z.ttt^y)0^Lif\ mm^^(D 
^m(omAit. <tk^(Dm^mx:^m\zw^Tmm^^ct7tftx'^^, m^imm 
mizmm(D^ -5 izEm<D^m^xnrz:tu i^^m^^rmxr^ c t 

\dh-':ff)'^mtlyX\f^^^mm^mW(D?25Z-m (Morikawa, Y. et al., Kitasa 
to Arch. Exp. Med., 64; 15-30 (1990) (DUm^^mm^mX-t^^tfjm^'^ 

^fc, ±B^^m(D:^m(Dmzm^L\rm(D i-oommtLxit. m^i^nfix 
mhx\r^^(-)mmk^^ )V7.^i7^-^^ nmmmvmm(Dm^mzm.3!f-ii<^ 
ntzum^fi^^m-r^^^Txmm^ $ -sr^xs ^'^ti:&mmf e m« 
e^/^^^^m-r-Sch^. at^s^M^as^n- }^-t^mm-^^xmLx\^^^zt^M^ 

■&^co. m(Dmm^mx-t^z.tiz^y)i^m'r^:it-^^x^^. m^u. uses 
=i-mm(Dm^iz{^±n }iy:tmMtr^ctT^^x^^ (wgoo/o97oo) . Maie^ 



wo 03/025570 



25 



PCT/JP02/09558 



m\t. MA\tmmm\zmm(D:Bm\z^y)n^^ti!fix^^o m^^rimmizm 
^bTViTt)j;v>L. ^^)i^xnmm\zmmmzmm-^ii:xhj:i^\ ^rc. m 
K^^ctiz. m^mBM<D^^TxnmfS(.mom'^\z^\^^xh, nmm 
^uxnoz.t\z^y)^^^-m^(Di^m^mm\z±^t^:itmmhrco m 

mB.'f(Dxm^-^\mm\z^r)m^m(DmtEi!)mr^rz\tm^t^ (-)^rna 
^^)V7.^^^-^. mmmm&mmm^izmmr'^^^Txnm^^^it^x 
m. ^^tsm.'?m^mi)mT ^rcj,tm^ l rzm^m^ (-) mmk^ ^ ^ ^ ^ - 

< « 3 -D-r^xcDT^ ymmiiL. ^^m® (-) ma^z )V7.m&W(D^n 

NgSM©262#g(Z)75yMAla. G264i:JtHN®6S®264#g0)75 y^Gly, K4 
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5/^^(Dg^T^oTj:v>3&t, ^^h<\t. ±m(Dm^n<D^mtmm. mm 

i^-i^^ )VXMW:^mz.W^ A262T, G264R, :feJ:DCK461G*^e.)^§PJ; Oil^^ 
264Ri:«, HNMe®<^)264#@075yMGlyMrgtM^:^nfc^S, K461G(h« 

. wmj^n(DmmM(D7s.ymiysmiyizmm^nrc^m^n'^o -tfsit)-^. ± 
y^^^^)V7. HNMes©A262. G264, ^^miM^if^tmo^y )v:^wm& 
nomm^m^. -en^tiihr a), Arg (r). ^^miy (g) ^g^T^Jit/^^ 

>tbTM$tlTVi^Urabe AM9*fk (Wright, L E. et al., Virus Res., 67; 
49-57 (2000)) HNMa©464&m68#g©75 /mtw^SSATS H 

^:«*^igt*ViTff*LVi, ;ini:ffil^;^ffiS©T^/BI©^Mfi. fl&©(-)^ 

m\z. MMm^mm^'=f-^m^-t^(-)mmk^^}V7.^^^-\zii\^^xit. f 
■ (-) mRNA>:7 ji/x^i^ ^-it. mBm^m^)w^-mmt:m v^rff 
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src2^^5itt, (-) mmk^ ^ (Dfm^'^'i^rcmm&'^izwmmm^^Mt 

it. SeV PSaS(^86#@(DGlu (E86) SeV PMeM(^511#@©Leu (L51 

1) ®fli3©T5y^'\©«j^, ^rc\tm(D(r)mmkO^ }v:^mBMommu^<D 
±tivrcj^5\z^fs.^if)v~y(D7^ymizm^'r^ctfs:^i)m 

Vf^n^o Mi^mzit. E86OLys^0B^ (E86K) , L511©Phe'\(DM^ (LSI IF 
) f3i^:dm^r^^o ^rzLmBmz^\^^Xit. 1197#a(DAsn (N1197) ^^XS/ 
^;t«1795#g0Lys (K1795) ®{t&07$ yit^©M^, ^rc\tm(D(-)m.Wk^ 

:^^mr^im&nmiSi^\tmz0^h^\ rs/si^s^, ^«o0fM®fls©T 

mti:^7^jm^<Dm.mx^^o mxu. ±mi^rc^oizmfSi^^jv-:f(D7^ 
ymzmwiir^>ittSia^mif'iE>n^. M^mz\t. Nii97©ser^0gm (nii97" 

S) , K1795<^Glu^®gm (K1795E) Uizibm^r^^o fitB'f'tm&f'O^m 
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^r^m.^m^(-)mmk04JV7.i)mi^h<. #k:m, hn, p, ^^xsim^oi 

n^nfc±IB©3iim07^y^ (SeVC:feViT«M©G69, T116. :fe<kmi83> HN 
0A262, G264, :fej;m461) \Z^m^^ :;()>OP^e?lC±|Ba)2iiRlfr©^^ (SeVlC 
:feViT«E86*fctiL511) (D5>-^^>/j:< <i:'fo^-^ e>*^^> ^ e.l'L®e^lC±fB©2 
®fi>r©^^ (SeVJc:*3ViTt^ll97:feJ:tMl795) ^Wo^ 4 }P7.\mh^^h^^o 

mi&'r^:it\z^^x. mmmmiz^mmzmm^t. rm^^mmmm^zm 

^^^-it. m^m(D?^rc},tm^^^m-o^^^-^zit-<. ^ajI^^^j^o 
mmm\zt>rc'Dxm^x^^o j:n^*^i9©'^^;i/x(*, m^^mx\z^n^ 
mmmmmmm^^^fzmz. i^tcm^'^mxiz^n^mxm^ommu^ 

#A-r§Xig=&^ty, iie^^AJc::J3tj-5ISBMSi4'^i^^^-«^^:&^^^^'^ 

^tzif^m\t. m^)\^y^^Mm.\zMX'r^xm^^ti. jt^^SA^'^stt 
)V7.^wmzmxr^:Ln^^ts. ae^^Atc^sviT'^.f ;vx^SAb 
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rcmmf)^^<oKp^}vxum' (vlp) (Di!cm^mi'r^:&mmmr^o mmmw 

mf- (VLP) ©ifetHtt, m^\^^mm\z^vrdm^(DmMr^^z.t-f>ii^^^\t 
f)\ mm^^^mi^L, mm^(Dhy>xyx.^iyB>vxmiz^^n^mwf- 
^mm^m^t^ ct\z^r)^ mm'¥\z^^ti^^^ jvxmm.'r^Mmr^ c t 

m^ii" (VLP) (DMciii(Dmm\t. '^m^m^rc\txm*^f3:\'^'y4)i7.t]A:-<x. m 
^im^^mz^M (^jA«wic7KTO^fcL«^nOToxfi) izmr i^rc\m 

i^rc\t^>^-(y h:::-~-m'^fs.a\z^y)ff^:itti^r^^o 0^v<it.mnm 

o%^y. ^timo%urizmm±^imr-^nx^>^h0r$>y). ^mi^\^<it 

^rc:^^m\t. :^mmm\zmm.hrc^^)vx'A&^iz^m±rz}itiKm^mr^ 
^^)vx(D. m^^mxiz^n^mMm\^^mm-^'&^tctb<Dmm. M^^m 
x\z^n^mxm&wmmu^)i(Dis.r^^mt^rztb(Dmm. ^^rsm^^^ 
mxizm^xK^^jvT.^mxorcmm^^w^juT.m^i'? (vlp) ^mm^mi 

^^mm^^^rci^\zmi^^^'>^ mmirmx \z^n^ mxM&^(D^^ u 
^)V(Di&T^mm-r^rz^\zm^^^':7 4 jvx. t.rc\tm^mx\z^\^^x^^)v 
:^^m'Xhrcmmf}^^(D^^ }^7.imLf- (vlp) (Dtscm^wmt^tzmzm^^^'y 
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^ )PX t VX\t. m^W'X v%OVt>y( ;l/7>^^ (Paramyxovir idae) ©-ir ^^-f ^ ^ 
Jp;^(Sendai virus)* —a.— *»;/XJl/j^'^'f (Newcastle disease virus), 
fc^<5&i-ff':7w;i/X (Mumps virus), f^^^^^JPZ (Measles virus), RSC7^;i'X( 
Respiratory syncytial virus), ^^^'j;-!' iPX (rinderpest virus), >?Xt->/^ 
—•^-fJUX (distemper virus), :^;i'h5:J7y»^7^;i/;^^(Orthomyxoviridae)©-r 
>7;i'X>+f^^;i/X (Influenza virus) , 7::^Hl>w;l/;^^(rhabdoviridae) © 
7Kilg^4PP^#^':>'<>'l'X (Vesicular stomatitis virus), (Rabies v 

irus)#j&^'^tf e>n-f>c *^HJlC:feViT, {.~)Wmk^ )\/7s^^ 0:0$? 

^ b< tti^^gss© (-) TOA"^ >f ;i/7.-ea& D , $ ^ tff * b < «;i ^ s ^ y 

*^?gtC:feViT#lC^^Lli(-)mRNA'>^';i/7.(C}i, ^sj^Ji Sendal virus (S 
eV), human parainfluenza virus-I (HPIV-1), human parainfluenza virus-3 (H 
PIV-3), , phocine distemper virus (PDV), canine distemper virus (CDV), do 
Iphin molbillivirus (DMV), pes te-des-pet its-ruminants virus (PDPR), measl 
es virus (MV), rinderpest virus (RPV), Hendra virus (Hendra), Nipah virus 

(Nipah), human parainfluenza virus-2 (HPIV-2), simian parainfluenza viru 
s 5 (SV5), human parainfluenza virus-4a (HPIV-4a), human parainfluenza vi 
rus-4b (HPIV-4b), mumps virus (Mumps), ^J;tJ^ewcastle disease virus (NDY 
) ?a:£d«'^*n^o iDfi'SKfi, Sendai virus (SeV), human parainfluenza 

virus-1 (HPIV-1), human parainfluenza virus-3 (HPIV-3), , phocine distem 
per virus (PDV), canine distemper virus (CDV), dolphin molbillivirus (DMV 
), pes te-des-pet its-ruminants virus (PDPR), measles virus (MV), rinderpes 



wo 03/025570 



31 



PCT/JP02/09558 



t Virus (RPV), Hendra virus (Hendra), ^JaXf Nipah virus (Nipah) ti^^U^ 

ym^^m^-tnit. mB'^'lZ-Ol^^Xit. CDV, AFOI4953; DMV, X75961; HPIV-1 
. D01070; HPIV-2, M55320; HPIV-3, D10O25; Mapuera. X85128; Mumps, D86172; 

MV. K01711; NDV, AF064091; PDPR. X74443: PDV. X75717: RPV, X68311; SeV. 
X00087; SV5, M81442; Tupaia, AF079780. Pjte^(COViT«, CDV, X51 

869; DMV, Z47758: HPlV-1, M7408I; HPIV-3, X04721; HPIV-4a, M55975; HPlV-4 
b. M55976; Mumps. D86173: MV, M89920: NDV, M20302; PDV, X75960; RPV, X683 
11: SeV, M30202; SV5. AF052755; Tupaia. AF079780, miR=^\Z-z>\,^X 

CDV. AF014953; DMV, Z47758; HPIV-1. M74081; HPIV-3, D00047; MV. AB0161 
62; RPV, X68311 ; SeV, AB005796; Tupaia, AF079780, m^'f-\Z'D\,^T 

}t CDV. M12669; DMV Z30087; HPIV-1, S38067; HPIV-2, M62734; HPIV-3, D0013 
0; HPIV-4a. D10241; HPIV-4b, D10242; Mumps, D86171; MV, AB012948: NDV, AF 
089819; PDPR, Z47977; PDV, X75717; RPV, M34018: SeV, U31956; SV5, 
M32248, Fite^{c::3^iT« CDV, M21849; DMV, AJ224704; HPN-1. M22347; HPI 
V-2, M60182; HPIV-3. X05303, HPIV-4a, D49821; HPIV-4b, D49822; Mumps, D86 
169; MV, AB003178; NDV, AF048763; PDPR, Z37017; PDV, AJ224706; RPV, M2151 
4; SeV, D17334; SV5, AB021962. HN (H^/cliG) jtfe^lCOViTtt CDV. 

AF112189; DMV, AJ224705; HPIV-1. U709498; HPIV-2. D000865; HPIV-3. AB012 
132; HPIV-4A, M34033; HPIV-4B, AB006954; Mumps, X99040; MV, K01711; NDV, 
AF204872; PDPR, Z81358; PDV, Z36979; RPV, AF132934; SeV, U06433; ^^ZS S 
V-5, S76876 7)?M^T#Sc -fiL. }]^X\tm^(Dmi)m^tiX^K) . t5^© 
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(Paramyxovirinae) iV7.\iU^ ^ )V7.m 0-^=7 ^ )V7.M,t% 
^^)V7.Mm (Pneumovirinae) )V 

ny ^^V^y ^ }V7M0>'\L>'^^ ^ ^ virus), zi^.— :^J'y 

(Newcastle disease virus), :fefe^<:6^-lf^7xr ^JPXCMuips virus), Ml^ 

•J'-fjI'X (Measles virus), RS'^-f il'X (Respiratory syncytial virus), 

(rinderpest virus), v^X'rW'?—^^^ (distemper virus), i^-;W1^ 

^yy)\^x.>^^^)V7. (SV5) , ^ih/'^y^ >y)VJLy^^>()V7.\, i, 
\iu^-(}V7.m. )vxm^^t5) \zm-t 

Si:7^;l/XT?2feD, ^^iif-1^V<\tUX}dn^^ )V7.m (Respirovirus) (A7 
S.i7V^^)V7.m (Paramyxovirus) th^v) izm-f^^ >( )VXt.rc\t^<DmM 

h/i^-f >7;i/x>if'>xfjuxis (HPiv-i) , t h/i^-r>:7;i/x>if>>^';i/ 

7.3m (HPIV-3) , K7>'/'^y^>y)VX.>1f^^)\^7.2m (BPIV-3) , •fe>^-r'> 

Y;i^7.(Sendai virus; •^^T.^y^yyjVX.y-^^^ )VXimthmtn^)^ 

:^j^-aii-)w^y^ >y)v:x.>if^ 4 }V7.\om (spiY-10) uE-fyi-^^n^o :^mm 
\z^\,^Tny^^'jo^}vx\t. m^Bt.h<\t'^>^^o^ }V7x$>^o 
6(D>!7^;i/xt^, 5c^^, m^w. ^mm. ^^i^f^^, ^i:zsA^mzmm^ 

hfcift;^ilC*5feUT 'feck lie Dli^^ (J. Virol. 68, 8413-8417(1994)) 
^mm-^t:i^(DMnt hxmmth ^ i:*«-e#§,, (-)^RNA^^ ^7.«5te^ 

mx^ip^-thx&tixi^y). ^i,«©«KT'(Z)^?>-^3? . vi, dna 

y:i.-X^mctsX^rc}sb^^^^(Di^3).Th^ (integration) Z.(J) 
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D. et al.. Genes Cells 2. 457-466 (1997)) o Sfc, ;^7-/>' HMMeKSJt 
rcU\^^z:t\zi:^mXllk^m^X^rcW^y^-P>'if(^^^^ (flexibiU 
ty) :^t*i4®±©^U^y b^O^^S. SeV^^i$'-«. ^*ae^^4kb:B^±SAW 

nr\^^^ii^. }ihizMi^x\mmm^fs:i^K cmt^rc. m^m^yy^^^)v 

;in*-C©il^tCJ:oTt>3ti#$nTVi5 (Hurwitz, J. L. et al., Vaccine 15 

: 533-540, 1997) , '^\zmmt^^nM.thxy.yo2M.. ttiti^ 

J ms rs^;i»j ^m\i^r.tii^x^^. sev^^i5'-M)js^se^^©>'7 

^b. ^mmowmx^^n \L-\zm.n^ntzmtim^^(D^mzw^^tmmz 

^: a iRpii d t j5> e. > ^mjte^©^S»j55#^lCl^ 
^Jlt^^^tlTViS (Moriya. C. et al.. FEBS Lett. 425(1) 105-111 (1998): WOOD 

/70070) 0 
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■O (RNP) T^oTJ;Vi„ RNPJi, ^3JA«0fM©h^>X7xtJ7>'3>t*m.i:a 

tA(-)MA^7^;i/xcDyyARNA, NMSK. PMSW, ^^xKm.^%.^^n^% 

^S^rn^RNPW^^n^o y/ARNA©^M^i, MRNAOintf-^Oiijta^RT-P 

cR^fett/-if>A'r:/U:$^-rif-'>3 ym\z^x>m!it^^t.\zi^'o-mmt^ 

mm^^i^hx\,^^ct\z^y). mmhrcmm(Dff^mz^i;^-n^(Dm^T^ 

^^^-\t. i^mm^'?^mmt^^ti)^x^^^^\z^m'r^o ^^mmiz^n 
5(-)OTA'5'>r;i/X^^^-a, umBmommmmommmrtkmmv 

umi tit. ^ ^ ji^T.^i' ^-tii^^mmizmmLrcm^. mmm\z^^^x^^ 
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^n\z^ri^mB^(Dm^n-^-t^^mt)m^(Ozy7.vu>thx 
ui'm(Dm^^i:.xmkM^o^^mmtmmz>m:-fs.'^-<)vxmBmxh^ n 
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tit. ^n^en^^ut^^^-yi^. ^t.-^. -^hv^^T.. 7a->?3> 
"fit. -mvA(D^o\zmi-^n^o -mz. NPjife^« tnm^tj tm^^n 

U7.\fU^^)V:^m NP P/C/V M F HN - L 
JV'^^^'y^ )V7.m NP PA M F HN (SH) L 

'E-)d'J^^}VXm NP P/CA M F H - L 
M^it/'^y5.i7^JK7^}V7.^ iParaniyxoYiridae) (OV7.\iU^ ^ }V7. (Respir 
ovirus) \Zj^m^n^'tyy^^-()V7.(D^i&Brf<DmMm(D^-'^^~'7.(D 
Jif^y=yB>^mt. NPjlfe^iC^ViTJi M29343, M30202, M30203, M30204, 
M51331, M55565. M69046. X17218, mBri'\Z-D\,^X\t M30202, M30203. M30204, 
M55565, M69046, X00583, X17007. X17008. M]te^JC-S>ViT« D11446, K02742 
, M30202. M30203, M30204. M69046, U3I956, X00584, X53056x Fit^i^tdOViT 
\t D00152, D11446. D17334. D17335, M30202. M30203, M30204. M69046, X00152 
, X02131, HNjte^{COViT« D26475. M12397, M30202, M30203, M30204, M690 
46. XO0586. X02808, X5613K Im-B^TiZ-DX/^XU D00053, M30202, M30203, M30 
204, M69040, X00587. imZ^^^^^<DZ.to 
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*!^§gt;:*3ViT roNAj -*^DNA:ted;t;=l*mA^^tr. 
P , M ('x'hij , F (7a-i^3» , HN (^-T^^^^n^-/ 

tm-^^^. mx\tz.nb<Dm.^=^(o\f^'fnf}^z^^^x^^mt^ ^t\zi:. 

T^So 5^*5, :^m^\z^\-y^i-mmk^^}]/7.^i7^-\t.. ^^^-±<d^^ 

7^%m\ziQ^ir^wfm^^iimy^tz.\m^\^t^^^)V7.^!?^-\t. ^n-^ 
^ )V7M.B,=^^^i^\zx^-^^rcy)'kTd,t^m^^T^i:\r\ mx\t. m*^ 
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moxm7^-r^ctf)^x^^o *fc> mB.^^x^i^rc<^^-\z^\^^x. 
\zf^^wi^rcitwm&>^^if^^vx\^^rcr), ^^i^^m^^w^rcJimm^'^ 
\zum^^iS£.mm^o)^i^^t'r^^^i^'-^mmr?>cthr^^o cm<d 
^i;^~^nm^-^'^^\z\t. u^m^^mm^^-om-^iz^^^xim^umiz 
^i^^xnm^^noo ^tc. m^'f^^i^^^rcitiKmr^m^iz^i^^xit. jes 
fs.mm^^'r^m^mm^hy>x\z§^i^Lxnmm^noo erne, 
(Dm^^M^^^-)^r^m&^i>m^mzm^^i^nrz%±mm\z^^^—^ 
yA^u-\i-r^mm^i^^-^mxvxmm^^. mm^m^^mz^i^^xnis. 

x^^^-0mm(Dmx\zm^fBm^^f!^m(o^ntmmf)^'tn&.±fSi^it. 

-^ge®£^^<Z)x>^a-:/^agSrmT?^^$-&§ c tic J; 0 . mMox 

\iim^un^Si'^-^)V7. (vsv) ©gm^s (vsv-g) s#tfsc:i*«-?#5. *^ 
m\zmir^(.-)mmk^^}V7.^i7^-\z\t. m-QWi^nts,E(oi:.'^\z. y/A 

/&^'*5l5-r -5 ^ C7 ^ JUT. t ^ X ^^D -7'MS« Sr-^tr v'^.- 
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m&m(Dl^l!$>^mmBnit. mik^mM^'^h^^-^i^)l^=:> (hemagglut 
inin) m^'ty-<y^:i^'-ii (neuraminidase) ^<4<i:©M#©SSSWr§*« 

^rc:^nm\z^yy^(.-)mmh}:7^)V7.^i7i^-\z^\,^x\t. T^wu-se 
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. A. et al., 1997, J. Virol. 71:7266-7272; Kato. A. et al., 1997. EMBO J. 
16:578-587; Curran, J. et al., WOOl/04272, EP1067179) . ^(D^'^fsMmit 
in vivo ^rz\tex yivoizm^m^'^mxm^^ 

\z:^^^Tmm-^'&rc\,^mm<Dm&f^m^^ ^ tifi^^^. ^^m.B=^n.jimm 

mfy^)V7.^^^-mk\znMit.is,^ik^(ommm^B.'f-mxr^o 
^!;^-mk\z^\^^x\t. m^i^mimmtm^mmi^)unt(DmuE\z. e© 

^Wi<Dm.^Wl.^^t^mm^nXt^Zttm^h\^ (Joumal of Virology. Vo 
1. 67, No. 8, 1993, p. 4822-4830) , ^^l-Jfeafe^tt, "0 ^ )V7s(D^^^=f- (f>l 

p, M, F> HN, ^^Tsm^=f) (om^xw-^rd(m^\znxt^z.t.ifi 
m'^(D^^^a)%m,^m\iit\^2;io\z-t^tz}sb. :^5fejifi^®prSit« 

\z^K>mm-thz.iit,^x^^ mwikWi^n wooi/18223) . ^tc. jte^ifAo 
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(Dmuii. ±mmm (^^:^fx^7WyAfc*3ViT3'#j) \zmx-r^z.ti}m^ 
bv^o m\z. mA&mi)^^:fSy'^zrmmkm'mzm.^^3ia m^m^^jvxo^' 

mf)m<-fsi^o n^m^^omm^i&Knx^rctbizit. mxyi^iiv-^-^mo 

fmz^^^xmMBFS'o^' mm^m . sfc«L«e^©±gs i^U'r^t^Wiz^s 

\z^n^mxiik^=f(omx^w:^^i3^^ ':^m^^yj^ot^^^<5' m\zwi^hrc 
0. m!^mtt^mm^^^(D^},>%(D\zr^fsiahx, m^<o^^)V7.^^^'-f)'^ 

6 ® ^^;P^i£<*(flx.S^:i: T3i^3fe?&^^^;05# ^n^^z>\z-t^Cth 

mtLx}t. ^m^^-A^. (-)mk^^}vx^i7^-o!>:^:»^4':fm^'yM.\z 

xi^^^^^—^mif^n^o m^mmiR=f-(D±m {^^:»y^4:fm\z^^^xm 
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(-) mRNAC? ^jvx^i/^- ^mmr^ \z its m^wsmmm\z^^^x (-) mmk^y 
^)\^xo)^yj^RM^^tsm(Dnmmz>si'Wf3i^^)V7.m^n. -r^tj-^N. p, 

t>7.m) ^4^$-B-Tt)a;<, abSViMi^x^::^^ 

f£^^<iEm\z^'^'^^^ c ti)m^v^\ m^M<^(D5' i^^sEm\zumr^rc 

>i?u^7— iftmi^T^^$-ii:n«j;K m^m^(Dz'i^^mmt^iz\t. m 
^\m^m^(Dz'mz^^m}Simvt^-^-(A^=i- K^-e-T^fe^. 2:©u4^if-r 

A\Z^^jEm\ZZ'm^^r)m-^tl^^D\zr^^t:^^X^^ (Hasan. M. K. et a 
1., J. Gen. Virol. 78: 2813-2820. 1997," Kato, A. et al.. 1997, EMBO J. 16 
: 578-587 SZX Yu. D. et al., 1997. Genes Cells 2: 457-466) , 

m^\m^MiRl^^^T^m.^m^±yy^O-()VX^^^~\t^ Hasan. M. K 
. et al., J. Gen. Virol. 78: 2813-2820, 1997. Kato, A. et al., 1997, EMBO 
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J. 16: 578-587 JblK Yu. D. et al., 1997. Genes Cells 2: 45 7-466 ©IBm^ 

fsiE^m^^x. n- }^-r^7^ymMn^mt'^'^m^j;:oiz^mmm^^^L 
. Mti^^^^i>bm^Lx^<^tf)m^v^^o :i(Dumi)^^sm(om&i^mh- 

©a~y hdt@BS$n5J;5JC, :/7<T-'1'0-I-S|B?!l (^fcfiJfXBPffilcJ: 

» 9 ic 6 0m^^in^rcm(Dmm^Hiiav. $ e. ic-eos* m\zmm(Dmk 

©Mi^n K>ATGj&^e> cn&^Je>TORFO$?l25i^»ffl^©BH^J^#i)nb;/5:?^MtT 
CTT) ^WU, ^03'#JfcNotI^.ilg|5teggccgc^#Jnb. $6tC^©3'fiiJ(C:g 
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mM^^m^'t^ (V>t>»^§ r50JU-JV (rule of six) J ; Kolakofski, D. e 
t al., I. Virol. 72:891-899, 1998: Calain, P. and Roux. L, I. Virol. 67: 
4822-4830. 1993; Calain. P. and Roux, L.. I. Virol. 67: 4822-4830. 1993) 

' -CTTTCACCCT-3' (g3^J#^ : 1) . mW^H^mmm. Sf^L<H5'-AAG-3\ 
Emn(Dnmmin. Jf^U<«5'-TTTTTCTTACTACGG-3' (BB^J## : 2) , 

-&^:tU :^DNA©3' (D^t^ft^o 

tiiiX'^^o ^^h<ment^^V^y—^ (NEB) . J:Oi!f ^U<«Pfu:^U 
— t? (Toyobo) SfflViTfrVi, ii^gbfciWifitJ^otlTmtm 
|.^77^-pBluescript<DNotIgg&lc3fAT5<. #e.nfePCRjgtl©S»iB^J^'> 

::i>^-r5, H^^iS^-srrfr^-rootiggfiicE^jfxu, m^^^^m 

m^)^^^-fe>i$^<'>^;i'X^rVAcDNATa&n^^. :i:ilifBm©::^^t^ 

V^Xmmt^^tfJ^X^^ (Yu, D. et al., Genes Cells 2: 457-466. 1997: Ha 
san, M. K. et al.. J. Gen. Virol. 78: 2813-2820. 1997) » MXif. ^TNotl 
SflM-e^^-rSlSbpCDX^-it-gB^J (5'-(G)-CGGCCGCAGATCTTCACG-3') (E 

^#^: 3) =£> ^u-->^-^nrc±.y^^'^^)V7.^yAcmi (pseY(+)) © 

yy^^ J (antigenoiDic strand) fi*©gBPi^'J T^if-f AM^^tf^;^ 
7;;^$ HpSeV18*b(+)^£#'g) (Hasan. M. K. et al., 1997. J. General Virology 
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78: 2813-2820) , 

QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) ISiE 

$f|JfflbTKit^clBm®;^^^c:^^rDTll^fi•rs^:^:^^l?#§o mm'f(oxm^rc 

^umBmom^oi&r^rcum^^wmmzmmr^^wrx^^^-^nm}^ 
ii t J; D , ^&^m^mi!)mT^rc\tm^hrc (-) ^rna-^ ^ - 

w^ig;&^®T*fctt?i^bfem^m;^ (-)TOA'^^ )vx^^ir-<Dmm:&miz 

jiffl-rSTtfe©, K^^^S^-CDyyA^n-H-r^DNAO^fflldlll-S. '^^'JI/X 
/^i^iJ'-DNA;^^?)©'^^ A7.<Dnmf$.\t{ik^(D:&^^mm LXfro ^Itt^X^^ ( 
fflll^^li97/16539-^: mm^mWmzm: Durbln, A. p. et al.. 1997, Virol 
ogy 235: 323-332; Whelan, S. P. et al.. 1995, Proc. Natl. Acad. Sci. USA 
92: 8388-8392; Schnell. M. J. et al., 1994, BMBO J. 13: 4195-4203; Radeck 
e, F. el al., 1995, EMBO J. 14: 5773-5784; Lawson, N. D. et al., Proc. Na 
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tl. Acad. Sci. USA 92: 4477-4481: Garcin, D. et al., 1995, EMBO J. 14: 60 
87-6094: Kato, A. et al.. 1996. Genes Cells 1: 569-579: Baron. M. D. and 
Barrett. T.. 1997. J. Virol. 71: 1265-1271: Bridgen, A. and Blliott, R. M 
.. 1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404) , Z:n^<D:^m\Z^^ 

^xm. (b) mmm^hmmmmii)^^%^nrc^>f)vx^^^-i^rz\t^o:)K 

. "t^mm^mtf^^^^ ji^xm'^B'^-t^xm. izj^r)mmT^<iti!)^x'^^ 

. -^^izxm (b) iz:ts\,>xji>^u-':fm&m^^ts^wz^^nrc^^)V7. 
m-tm^-t^o *^§gfc:feViTtt> x@ (b) \zm^^m^mi^. tfs.t>%% 

m:^mt^Z.iiXh^. *fc, i^tcU^^) ^m^n-::'^ ^ )VX 

mB.i'^Wim^z^'m-^^rc^WTxi^mt^^ii. i^y)M^^m\z\t. m^u^ 
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it. yyA<D-T-(i-xm (^^:»T-^':/mm) ^fcit^o^mm (7}^ vx^ >^IIRN 
A) <&3-HbTV>§o m^its :/OTA*fc«^©lS?Sm&n- HT^D 

M^n:fu^—$^-(DTm\zm^-^'&. T7 RNA :j?y ^ 7— feffCj; ORNAfc^^$ 

V. )?»^-:)«#14©ii^7S:Vill«i|ttt^#^DNA^^tr«^#$f^§m (DSW 

®tiyx\t. m^(Dhy>xy3L^zy3>UMmmx'^^. m^it> mm ( 

Boehringer) , Superfect (QIAGEN S301305) . DOTAP, DOPE, DOSPER (Boehringe 
r #1811169) f^Effmvf?>n^. (DiLxTttM;lJiU >^;^7 A ^fflV^fc h 

miZl^^oL^n^if)^. mp^\Zh-\-j^i3:m(DmmX^Ctiim^nX^^^ (Graham 
, F. L. and Van Der Eb, J., 1973, Virology 52: 456; Wlgler. M. and Silver 
stein. S.. 1977, Cell 11: 223) . Chen:feJ:DfOkayamafi h^>;^77-ft$l^® 
MMit^miV. 1) »<h#^itmtlO-r>^3.^-V3 >^#^ 2-4% COj . 
SSr, 15-24P#Fb1, 2) DNAttjl04^J:D^^®=fe®*t^tt;;,SiiS<; 3) tzmmm^P 

(Dmkmma^ 20-^^0 fis/rai(Dt^mmfs.imi)^n^n^tm^vx^^^ (chen, c 

. and Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) ,, (i)(D:^mit. -M^U 
yy>7.yx.i7iy3>\zmLX\^^^. ^<mm-^^7.hy> (Slgma #D-9885 
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^^^^^^tzmzi7UU^>^-m^:^:it%X^^ (Calos, M. P., 1983, Pro 
c. Natl. Acad. Sci. USA 80: 3015) , ®(0:^mt%m.^'^^tm-S^^l5mx 

AfcfJ, h^>X7xi^'>3>li^d«iilxTVi-5, Superfect Transfec 

tion Ragent (QIAGEN, Cat No. 301305) , I^TzU DOSPER Liposomal Transfecti 
on Reagent (Roche, Cat No. 1811169) 3&>'ffiVi&n^j5>t, cn6>lcm$n:^Vi 

o 

cDNA55»^ e> ^ )vx^^^-<Dnmmmi^m\z\,tmx.it'A(D,^ a ltit^ 

m'MM(FCS):iS^ZSm±mn dOO units/ml ^->'U>G*5.i;tJ^100/ig/ml 7. h 

Sr70~80%ii>7;i/X>h(c:;^e^T^*b, m^it Ug/ml psoralen (V^U- 
» #ftT BVM^!lSSr20^>i8lSTTO{tLfc, T7#U if^^^ifsmm 
^y/7>'-7'>'f ;i'XvTF7-3 (Fuerst, T. R. et ai., Proc. Natl. Acad. Sci. 
USA 83: 8122-8126,1986. Kato, A. et al.. Genes Cells 1: 569-579, 1996) ^ 
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(0.5'-24Mg(7)pGEM-N, 0. 5~12Mg®pGEM-P, :fei;i[^0. 5~24MgCDpGEM-U d:0 
$fSU<{i^^{^lMg®pGEM-N, O.5jLtg0pGEM-P. ^^ZSl tig<Dl>Gm-l) (Kato. 
A. et al., Genes Cells 1: 569-579, 1996) tmzSmifect (QIAGENlh) <&ffl 

-\^-r^^m^i7^-(Dm)ti,t 2:1:2 i:-r§;i^wtb<> y^T.^ F»t 

, 0!jAJil~4Mg©pGEM-N, 0.5~2Atg©pGEM-P, :fe^rJJl~4Atg©pGEM-LigSTji 

00/:ig/ml©U77>tf'» (Sigma) RZSiyh>'>7y)dJ i^]^ (AraC) > a:DI? 
^b<«40;^g/ml©i^h-»7^kV>'H (AraC) (Sigma) ©^^^trM^^ 
©MEMTlg^L. 7^>'-T'>^J1^7.(Cj:§^ia«tt&ft^J>tCt^J?), -01/7.0 
lHliK^?&S:*cJe:-rSi;5lc^i^J©«jgii^&^^-r 5 (Kato. A. et al., 1996. 
Genes Cells 1: 569-579) o h7>X:7x^->3 »6^e>48'-72B#rBl@S^«^, 

MLLC-MK2m{C h7>X7xi>'>3 >tT, m^c::fett-5MMaSI©^1i©<£ 

r^tcmn^mmmznmt^^^Timm 3 ~ ? Bmz^mm^m^-r^o 
u Ti^v-j^uatmz^^i^^m^-^itxmmzmAr^ ^ ti)^-^mx^^. m 

i^miZit. m^(Dhy>7.yjz^'i^3>^miMX^^o mXii, DOTMA (Roch 
e) , Superfect (QIAGEN #301305) , DOTAP, DOPE, DOSPER (Roche #1811169) fS. 

(Calos. M. p., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) » 
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thx^^ mmkmrn"^ wooo/70055 ^s^tr; wooo/7oo7o#m) . $>^^m, ± 

m(DW^mm\zx^m^mw^^ioB^<Dm^mm(Dmmf^^mmi^. mmiz^ 
<<^^mBm(Dm&<Di&r^rcmn^^mmmzmt^mTxm^u msB 
mz. ]^m^miULxh^\f\ ^m±m^rz\mmiz^^n^^^)V7.tim\t^ 

imm0m^(m^mMt?>:Lt\Z^r)^m-t^Ztf)^X^^o mt rendo-poin 
t (Kato, A. et al., 1996, Genes Cells 1: 569-579; Yonemitsu, Y. 

& Kaneda, Y., Hemaggulutinating virus of Japan-llposome-medlated gene del 
ivery to vascular cells. Ed. by Baker AH. Molecular Biology of Vascular D 
iseases. Method in Molecular Medicine: Humana Press: pp. 295-306, 1999) 
\z^r)^M-r^^ti)^X^^o mXL^^JT^V^y-'^mm9i^i^:=.7^H)V 

x^^^r^fcibiz. '^i^nrcmmm^m^^^ m^\tio' m vx. mm 

\zm-f^um^mo)m^<Dis^r^rz\m^^wmmzmmr^^^Txmmxnm 

tc^^ hy^ \t-%OVXU^t^ ZL ti!fiX"^^o 
m^-^ntz^ ^ )VX(Dtimit. mXitm (Cell-Infected Unit) tJ^^fe» 

smmM^^m(Dm^t^^t\z^y)^^T^ztj!)^x^^ (wooo/70070; xat 

0, A. et al., 1996, Genes Cells 1: 569-579; Yonemitsu, Y. S Kaneda, Y., H 
eiaggulutinating virus of Japan-liposome-nediated gene delivery to vascul 
ar cells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. Method 
in Molecular Medicine: Humana Press: pp. 295-306, 1999) « ^fe, GFP (.M 
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5 m^itGf?-ciiitvx) « c<D^f>\zhxmMLrztim\t. mtmmz^^ 

Ctff^r^^ (WOOO/70070) o 

j^vio m^it. ■ii>^^^^}V7.^^^-m(oni^mz^\,^x\t. ^^jv^i^mic 

mmm^moz-f^^x^^o z.nib(Dmmizm'^fsiJ^xu-ym&M^^m-^ 

tx. ^(om^m^x>^a-zf\z^t5^mii^H)V7.m'^^^ d i 

'y-f )i^^^i}!'-^^^mmzmm^'&. mmiz^n^mBn<Dm^(Di&rf^fz 

mn^^wmmiznmr^^n^rxm^i'^-^m^t^ctiitx^^. mm^ 
^'Drz^4)]^7.^^^-(D^^-^mm\zm^^nx\^^^ (4'®^®. (1993). r 

, pp. 153-172) . :i:#:6<J{Ctl, mX\t. :§*f0$««g§fcAn9~120PBl 37-38 

^.0^ )ixizj:V}^t>v)n^o ^o^. "y^jvx^^Ajrcmm^mm-r^. mm. 
:^^6(D^^)V7.^^t^-<D^m • nmu.nm\zu-Dxnoz.ti!)^x^^ (m<-^m 
A. r^/^ji/x^ayohn-ji/j , ^mm.m. ^5^*;nf:i.-^fc, pp.68- 

73, (1995)) „ 

m^^fitjicji. m^umm\z^i-f^mBnoy^mmrtrzim^-r^umm§: 
^^m^^^^uw-r^bU^m^i-mmK'^^juT.^^^-^n^m-^it^biz 
\t. (a) m(-)mMA^^)ux\z^^-r^^:^y'4-:fmmA^tz\t^(Dmm ( 
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m^: vxm^^(DOfiF^m^^xm^tsi:^^-ii—Bmrm^iy^ m^m^^y acd 
7.5.\^<Dmm\ti-)m«tik^^)V7MmBi'f'^K}n:'mmu m^it. cre dnauo 

>t'^-if{;:it)3te^«^^*^3g^nScfc-5tc^tl-$nfc:/^X5 FpCALN 

dlw (Arai, T. et al., J. Virology 72, 1998, plll5-1121) ©3.--^1j--r h 
SwaIiaJfetc:ii"lijg^^ifATS. 
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(FBS), ^:ni/iJ>G:^hUe7A 50#^mK *5<J;UCX hk^ hT-fv^^ 50;ig/il 
S^il0bMMT37t:. 5% C0,TiSltt"-5o Cre DNAU □ >t':^-if teJ: OMJtfi 

^ (mamalian transfection kit (Stratagene)) \Z^<0. M^CDT'D.hn— 

lOMgOM^^y^Xa H$h'^>X7xi^5>3>^, 10ml©10« FBS^^tfMEMig 
miZT. 37'C©5%C0j -r>^a.^-^-4'T24B#rBl^«-r-5c 24B#PBl^{cm 
lOmimmzmm^^. mm-y^-U5^^m^\ 5ml Ifc 2ml 2% 0.2 
ml 2t5clC##. G418 (GIBCO-BRL) ^1200Mg/iiil^^?:ilOml®10!KFBS?£^tfMEMiS;% 

^©3g*?SfT5. ^^MfcO: O^WbT#fcG418mtt^*TMIIS«iJ7 o-n> 

hizu^^ri^i^mm^mn^o 

^Tzibizimmn^^c ^(DtMzit. m^it^mommmi^omu^ 2m^rc 

mmzhy>7.y:c^z^3> b J:®SiJ©mMtt'7-*-T«<£ji^T ^ 21 1 

A-iBsattx mmzfrn^^h^m-t^ztizjiiio. p^ctmiji'g^cDM^^^^t* 
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^, m^it. 7xy^7'C;PXAxCANCre<&^ife)©:^^ (Saito et al.. Nucl. Aci 
ds Res. 23: 3816-3821 (1995); Arai, Let al., J. Virol. 72,1115-1121 (199 

8)) \z^y). itfsu<« moi=3 msxmm-^'&xn^o 
<3> m^^^)v:^(Dnmminmm 

m v^Tm^m^M^^M (-) ^RNA^7 ^ }v:^m-^m^^ ^^iz Jit. z: (omm\H iim 

mmi'^\z^m^}VA-mm\zm^^Ar^z.t7i>txt^c ab<5Vi«, ma 

^)vx^^^~-(Dnmmt. m^mzit. (a) (-)mRNA'^^ji/xtcs5i5i-§, 

i-:5Ai7^-DNAi&. NP, P. is^zsL^BM^mmT^mm (^)\^A-mfik) xm 

it^(Dm^^^mxLrcmm^. mmm$>^^^\tmmxmm(Dm^mzm.^iht. 
nrcmB^*mn-r^^^Txmmv. ^©is«±it3&^ ^ ;i/xs^T<£isiJRr 

fc^ff * b < \mx:&rFs b < «32'c*fc«^-n£j^TTff 5 tfimt. b 
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tt)"5ItgTS?>„ xn (a) -e^4$tl7cRNP$X@ (b) ®W(Z)SA-r-5tC« 

, mTiitxm (a) ott<£^jgife^»fccfcD»u^ jin^xg (b) (ommz 

^J;^«±tBM^^^ (-) »A»:7 ^ JPX^rV A ^ 3 - Hf ^ 
5 H SrOT® 3 \Z bTLLC-MK2mt h ^ >X7 x ^7 a ^T^. T7 Mht^ U ^ 
^-if»C.kOyVARNA0te¥&fTt)ii:5«'&{;:t^, LLC-MK2 SHUa^SrSX 10" cells/ 
dish T? lOOmm ^h'JMlcW^, imm^^^. V^Uyt^^^m^B (365nm 

) T 20 M9mLrcn mk^ u ^ y-n^^mr^ u :3 > > h 7 5^-7 

(PLW0V-VacT7 :Fuerst. T.R. et al., Proc. Natl. Acad. Sci. USA 83 
, 8122-8126 (1986)) (C^MT 1 I^^S^^-fr-S (Bioi=2) (iDOi=2-3, HfM^Zlit 

moi=2:^m^^^n^) <. U ^ iy-T^ ^ )V7.^(Dmn-Ummz}it. mx\fwyh 
JVV^^^:^i)mm^nrc UV Stratal inker 2400 {tl^Uif^n 400676 (100V), 
TsVy^-J-y^, La Jolla. CA, USA) ^fflV^^c tm.'^ZmW^lyXt^^^ 

yARNA^^iST§:/^x5 h% *3j;OT> p, ^^xAm^w m3im\zmBn 

m%) ^^^T^T'^XS K<&OptlMEM (GIBCO) {ClKML^ SuperFect transfect 
ion reagent (1/ig DNA/5;i 1 <D SuperFect. QIAGEN) ^XnT^g'&L, :§MT10 

^mm^^ wM^\zn FBs^^troptiMEM zvA\zxn. mmzmmx^x^mr 
^h. ab^v^«, yVARNA^^^-r^sy^xs h\ ^^u^n^m. p, l, f, ^ 
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1:2:2:2 tt^cti!)^-vt^t)^^nizmM^nfs.v\ 3--smm^m^. mm 

l(tlt»^"^*;^lriMEM •r2|lIi5fe^L, ->h'»i8-D-T^tfy7^yi/H 40^8 
/ml (AraC. Sigma), h U 7. SMg/ml (GIBCO) S:^trMEMT24~70NfFBlJ§^ 

;Wt-m) $a®b. 40/:ig/mL© AraCR^. SAtg/mLOTrypsin^-^trMEM-CH 
tC2 0FBl37'C-rJg«LTt>J:Vi, ^ne>(Dm$15IiKb, ^V^^y h^OptiMEM t 
mmt^ (10' cells/ ml) 0 ^^M^3|El^OjgbTlipofection reagent DO 
SPER (Koche) tm^L (10*cel is/25 m 1 DOSPER) ^WCn^tfcmhrc^. ±IBT 
i7D--->^UfcMfg3gA;i//t-«fCh^>X7x^'>3> (lO'cells /well 1 
2-well-plate) V. (40/ig/ml AraC, 7.5Mg/ml h 

*-^tr)Tlg«b m^LKit^WV) . ±m^mU-t^o COt^. Lippofectl 
on reagent DOSPER J^^Oh^^X^x^S-^a >|it^co^finJ5:l>lC h^>X7x 

*^ig®;^^tj:nfi. :^mm<DK7^)vx^i7^-\t. mx\t ixio' ciu/mi 

i^>^±, ^if^b<^i 1X10^ ClU/mmi, J;i90tL<« 5X10« CIU/inL£Jl±> <tO 

iii-^L<}t IX 10' CIU/mL£Jl±. J;D0*b<« 5X10' CIU/iiiLeA±, 

<\t 1X108 CIU/mLJ2Jl±, j;OJff*L.<« 5X10» CIU/mm±©^3iiW^;PXit 

m^^nm\zBm(0-^f^izJ;:i)m^t^^ti)n't^ (Kiyotani, K. et al., Vi 
rology 177(1). 65-74 (1990); WOOO/70070) . 
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a«) ^mmir:s,mm i^jw^-mm) rt^^-^^^^xm. (b) mmmt. m 

, (c) m^m:h^Bmmmiiim^m^ir^xn. (d) MJ*ai«^^^^fe#:M* 

(e) m^m±mi)'^^^-()V7.m'^M'a'r^xm, ^^tf^^^r^So x 
ig (d) it±ti(Dmu^mzxnocti!)m^Li\ #enfc'^^;i^xigi^«, 

K^^—fyM^(D%m\z^r)m^-^Mtcisb. m^\zmnb;^-Dxmmti<D;^^o 

§0 *fc, o^)V7.m^^(D^m\zj;:i)mmm^-fSi^^^M<DO^)\^:K\tmf^^ 

muvfzi i-)mMk^^ jv7.itmnmzmmzfs:^^omm-^ z. tt^x^^. 
• ^m:^m^rc\t^(Du^^t>mz^i)n'^ z. tjo^-c^s.. ^mnm 
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^ojmmzmt^-^^n^ (W097/32010) m^m^t^^tifi-^'^^, 

cJ:«3^ii$nfc'i7^jI/X^i7iS'-©3te^^^l&3i^©)S;ffitbT«. US (in vivo 
) ra^ (ex vivo) ^-^lCcJ:§5ie^^:K©ViTtiO>^S 

■^^ hfS.E(Dm^n^-3-YhU.\,^imxh'oXhi:.\\ 

:^%m(D-:)3m\zi^^mit^nfc{~)mmkJ0^ )V7.^!p^--\t. >jm\zj^^cxn 
m^m\zm^^n^mm(Dn^i^rz\mwt^3^^t>'&xm.mit-t^z.ti}'^x 

x^tK^^-^^mm7i^'^^}ymmm±m^mi (pbs) ^st^-eM^Lxm 
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mm. mom. m^L ^^m. s# 
^tciDo^^mit 2XW ciu~ 2X10" cium^vK. n^^mit, im^Tc 

\t. hh, -y-jk -7^7.. ^yh. 'yij-^^. t^ys^. '^'X ■i^Uii±X(Dm^ 

m 3 SeV18+/AF-GFP^Vi«SeV18+/MtsHNts AF-GFPSFUfi^^M^i^t-^ 
m (LLC-MK2/F7/A) fc^L, 32t:sm7t:T6 BPbI^^^CDGFP^^^^-TS 

m^^^^Tw-mx'$>^. 
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^4H, Sey-?m&^WUmmtmm (LLC-M2/F7/A) tOViT. 32t:^Vi^i 

m5\t. LLC-MK2^JJg(c:SeV18+GFP, SeV18+/AF-GFP^Vi{JSeVI8+/MtsHNts AF-G 
FP$iD.o.i. 3T^^L32'C, i7V^l^^mVX'^mV3U'^(DG??m^7^tmW 

meit. LLC-MK2MJCSeV18+GFP. SeV18+/AF-GFP^tittSeV18+/MtsHNtsAF-G 

o 

mat: LLC-MK2mt3SeV18+GFP. SeV18+/AF-GFP^(.imeV18+/MtsHNtsAF-G 
FP$m.o.i.3TS^L, 37'CT^«2 Bm®^«±mSt;f«^lslJRLT, 1 lane 

n-blottingfoJ:D*ae>;fe, m^Pit^^ )Vxmn-ir^ ^)\, (vlp) mmMBo 

0 8 LLC-MK2ii||g{cSeV18+SEAP/AF-GFP^Vi«SeV18+SEAP/MtsBNts AF-GFP 
$in.o.i.3T^SSL, igaii2, 18, 24. 50, l20ltP^^(C1f>yu >i^Lfc^ai± 

^ 9 it, LLC-MK20Jg{cSeV18+SEAP/AF-GFP^Vi«SeV18+SEAP/MtsHNts AF-GFP 
^m.oA,Zrm^V. mm2A, so, 120l^|fem^c:•^^•>yu>^/bfeig||±^iOHAa 

SI Ofi. I-LC-MK2tt{cSeV18+SEAP/AF-GFP^(.ifSSeV18+SEAP/MtsHNtsAF-GF 

?^m.o.L3X'mmu ^^BBmz-^>'fv>^vrc^m±miz'Di,^xm'i^'^^^ 

;i^X&lElJKb. 1 laneSt)6well plate^g^lwell^i^ODl/lOffi^^^fflViT. 
M^^&?«Jffl LfcWestern-blot tingfCcfc O^J^fcC^^" ;i.XliA--T-^' :57;^4Sr^•r 
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01 Itt, LLC-MK2. BEAS-2B^Vi«CV-l«(C SeV18+ /AF-GFP^VittSeV18+/ 
MtsHNtsAF-GFP$m.o. i. 0.01, 0.03. 0.1, 0.3, 1. 3, lOHm^V. jfa^Sr'^* 
;5:l^i^^iai0!i; FBS^-^S^^tflT^^t, M?£#^?5:ViiSm©ii^tt!i^3 B 

mi2\t. LLC-MK2mi::SeV18+GFP, SeV18+/AF-GFP^Vi«SeV18+/MtsHNts A 
F-GFP?£iD.o.i. I'VmPkV^ 3213, 37'C]^Vi«38'CT:^IIU. S^iCjiM^t 

01 3{i, A-10^Jllg(CSeV18+SEAP/AF-GFP^Vi«SeV18+SEAP/MtsHNtsAF-GFPi£ 
m.o.i. I rmmV. 32"C^Vi«37'Ct?Jg*U, iS«lH'^lCtn:MSt#::fea:Z^"»ift 

mi4\t. A-10mirSeV18+SEAP/AF-GFP^littSeVI8+SEAP/MtsHNtsAF-GFP^ 

iB.o.i. 1 xm^L. z2vm^m7x:x^mL. i$m2Bmzmtfii^^^zsmwm 
mi5\t. mB:BLiMm&(ommmmmzR\^-rm^'^m.m^mM(Dm^^m 

t^MX^^. A-10miCSeV18+SEAP/MtsHNtsAF-GFP<£iD.o. i. 1 xm^V. E 
mzm^^(DUM.'^UMX$>^n}V\i^y (colchicine) H (coi 

cemide) IjtiM iZfSi^^'^izmML. 32"C-e^*L;^„ mm2Bmzmu 

^^sitxwst^^fijffi Lxf^mm^^m\ ^mM^u-if-mummm lx 
01 mB-BLxm-m.B(hmm%mmzmttm^^^ 

t^MX^^o A-10iBliatCSeV18+/AF-GFP^VimeV18+/MtsHNtsAF-GFP^in.o. i. 
1 xmmV. ^Wi\zm->'^<Dim^UMX:^^ colchicine^Hafg IjtiM iZfSi 
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J tiSeV18+/P86Lmut • AF-GFP, rpsilj ^SSeV18+/F511Lmut • AF-GFP ^^-T. 

m^mtm-C^^^o rp86j «SeV18+/P86Lmut • AF-GFP, rp511j aSeV18VP511 
Lmut • AF-GFP, TdFj «SeVl 8+/ AF-GFP S^to 

tts^Aji^^ (GFP) ^mm'^mfmi<Dm\:^^'rm'^^^o rpsej \tsem 

+/P86Lmut • AF-GFP, fPSllj (tSeVlS+ZPSllLmut • AF-GFP, TdFj fiSeV18+/A 
F-GFP ^^To 

02 1«, ?^^mm^\z^0>^mt^F^^msey^mAhftcy-immz^ 

if^mxm^^ (GFP) (D^m^mT^mr^^. rp86j aSeVlS+ZPSeLmut • A 
F-GFP, rp511j JiSeV18VP511Lmut • AF-GFP, FAFj tJSeVl 8+/ AF-GFP, 

02 2«, ?^i:mmBi'^\z^m^^r^m^msey^mxhrzmm\z^n^ 
SAate^ (SEAP) (Dmmu^)V(Dnm\i^7Ktm-i^^^, tncj it^^^-m 

X^ntim^m^M^. rdFj (iSeV18+SEAP/AF-GFP, fpSSj JJSeV18+SEAP/P86 
Lmut • AF-GFP, TpSllj ttSeV18+SEAP/P511Linat • AF-GFP ^^f. 

02 3{i, ?:^^ZSLm^iZ^m^mt^?iRi^mSeV (SEAPitfii^^SS) O 
'>^';i/7.2J^:&i]li^il'^fe^:i:^^-r0T2&^o TdFj «SeVl8+SEAP/AF-GFP, r 
P86J JiSeV18+SEAP/P86Lmut • AF-GFP, fpSllj J5SeV18+SEAP/P511Liut • AF-GF 
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m!mmi^^m^rcm^^^'tm-c$>?>o rdP+sEAPj iisevis+sEAP/AP-GPP. r 

P86+SEAPJ ttSeV18+SEAP/P86Lmut • AF-GFP, rpSll+SEAPj «SeV18+SEAP/P511Lin 
ut • AF-GFP ^^To 

S2 7f*. M/HNjte^{Ciaa^^S«^. PAjlfe^C^M^Wt-SF^<J^MSeV 
(D'y^ )V:^2'Amii^m^rc1^M^^-tm'T:$>^o rdPj «SeV18+/AF-GFP, Tts 
J JiSeVlSVMtsHNts AF-GFP, rts+86j iiSeV18+/MtsHNts P86Lmut • AF-GFP, 
rts+511J J^SeV18+/MtsHNts PSULiut • AF-GFP ?£^T. 

(DmMmm^^m^rcUMi^^tmr^^o rdPj «SeV18+/AF-GFP, rtsj «S 
eV18+/MtsHNts AF-GFP, rts+86j }3:SeV18+/MtsHNts P86Lmut • AF-GFP, rts+5 
llj ttSeVlS+ZMtsMts PSULmut • AF-GFP ^^To 

m2 9\t. wwm^^izumm^^^^. ?/immi'\z^^^^-r^vx^m^ey 
(n^jte^^^s) (Dif\'^m^i'mm.u^)v^mmm\zm^rzm^^mrm-v 

h^o TdFj «SeV18+SEAP/ AF-GFP, rts+86j ttSeV18+SEAP/MtsHNts P86Lmut • 

AF-GFP, rts+511J tiSeVlS+SEAP/MtsHNts PSllLmut • AF-GFP ^STo 

i.^^mm-^WM) (r>mxmm^^mmm\zm^td^^^^-rm-c^^o rap 

J fJSeVlS+SEAP/ AF-GFP, rdF/ts+P86Lj (iSeV18+SEAP/MtsHNts P86Linut • AF-G 
FP, rdF/ts+P511Lj tiSeV18+SEAP/MtsHNts PSULiut • AF-GFP ■^m.'to 
03 Itt, EGFP-tfi^?&^f ^M^^S!SeV^yAcDNA©^ISX=^^>-A^^1-0 
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03 5tt, i>D-n>^u;^cM (RW) m^^mmmmt^mmz-D\,^x. cre 

DNAU:3>lf:J— if^fg^-rsm^mAT-xy^^^l'X (AcCANCre) mm^. W 
estern-blot t ingf;: ct^MSm'Se c7)#Sa6<j?5:^31Jttii^^-t^*l:a5^o 

03 6«, Ajl/A-m (LLC-MK2/F7/M) ^ □->#18Rm62^fflVi7tM^^M 
SeV (SeV18+/AM-GFP) ©-i;^ JP7.ff«i^:£^-r^J|-e*§, 

0 3 8 SeVl 8+/ AM-GFP® tf U :f >4>0®eT^ig5l^©^0RT-PCR©i^m 

ng^n^\ SeVl 8+GFP2^CKSeVl 8+/ AF-GFP t (Oitm^^^mt^MX^^o 
m4 0\t. SeV18+/AM-GFPS:lKSeV18+/AF-GFP«LLC-MK2Mi§«±?»4'0D'^7 

^;P7.S*^a©^MH:ii (^f^J^^J^f^MLTWestern-blotting) ^S^-fW 

-IffeS. ifiSeViiift: (DN-1) ^mi^Tc. 
m4 1 SeV18+/AM-GFP^Vi«SeV18+/AF-GFP^LLC-M2(;:in.o. i. ZXm^V 

, MI^Wlci5]iRLfc:©S±?f4'0HAS&i4^^t-0T^^. 
m4 2it. ■SeV18+/AM-GFP^Vi«SeV18+/AF-GFP^LLC-MK2fci.o. i.ZXm^V 

m4 3U. SeV18VAM-GFP^(.i«SeV18+/AF-GFPmC-MK2lCin. o. i. ST^^b 
, ^m5BmzmifSLLrc^m±miZ'D\,^X. (Oosper) 
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S4 5tt, mZ^m^^mM (LLC-MK2/F7/M62/A) Je:SeV18+/AM-GFP^ti^iSeV 

T^^o TdFj. aSeV18+/AF-GFF. TdMj «SeV18VAM-GFP, TdMdFj ttSeVlSV 
AMAF-GFF ^^To 

MS lit. W¥^^msey^mxLrzmm\z^ii^m^ni^^nmBn(Dmm 
05 5(t. w?^^msem^miK^msey<Dxir:^XB,m^(D^y\£^i&^^ 
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rc^^^mtmr;^^. r#jii]j i,t^mm^w^rcsey (sevis+GFP) , rdFj m 

eV18+/AF-GFP, TdMj fiSeV18VAM-GFP> TdMdFj «SeV18+/AMAF-GFP ^^^t* 

AcDNA (pSeV18+/AF-GFP :Li, H.-0. et al., J. Virology 74, 6564-6569 (200 
0), WOOO/70070) ^NaeITmL.> Mit^^^^Wit (4922bp) ^7^P-7.« 
m^mX'^m. Ma-r§A>H&«}DaiU QIAEXII Cel Extraction System (QI 
AGEN, Bothell. WA) xmUV. pBluescript II (Stratagene. La Jolla, CA) <D 
Ecom^ h\ZD":r^a--y^Lrc (pBlueNaelfrg-AFOPP©:^^) . Mitfe^'v 
©©^^^tt^^#A«J:©pBlueNaeIfrg-AFGFP±T. QuikChange™ Site-Direc 
ted Mutagenesis Kit (Stratagene, La Jolla, CA) ^m^LXKiUzBWtO-^iM 

iz'^-Drn-Dfco m^T±^0^mMX(DmmmonAo>E>i!)m^vx\^^^ci. m 

strain (Kondo, T. et al., J, Biol. Chem. 268: 21924-21930 (1993)) (DM^\ 

^mmu G69E, Tii6Asrx Ai83s©3@0f<z)^m#A<£fTo;^o ^mxiz^m 

Lff^^^t^J rf0ffi^jft, G69E (5'-gaaacaaacaaccaatctagagagcgtatctgacttgac- 
3VK^J#-^ : 4, 5*-gtcaagtcagatacgctctctagattggttgtttgtttc-3VE^'J#-^ 
: 5) X T116A (5'-attacggtgaggagggctgttcgagcaggag-3VgB3^J#-^ : 6, 5'-ct 
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cctgctcgaacagccctcctcaccgtaat-3VSB^i#-^ : 7) RZS AISSS (5'-ggggcaatca 
ccata(ccaagatcccaaagacc-3V@B3^J#-^ : 8, 5'-ggtctttgggatcttggatatggtgatt 
gcccc-3V@B3^J#^: 9) T^5c 

M3t^±lC 3 ^Bf^^M^W-r^pBlueNaelfrg-AFGFP^^Sal ITI^-fb^paLIT 
3^mit^m\ mM^^^tiyyif^>V (2644bp) ^leIJRU;fc. -;&lrpS 
eV18+/AF-GFP^ApaLI/NheIl?mUTHN]ia^^"tt^if>T- (6287bp) SEIiRb, 
JKDaa^^jt'^LitiiiusSS (New England Biolabs. Beverly, MA) ©Sall/Nheli^- 

hlC+>-:/^P-->^7*Lfc (LitmusSalI/NiieIfrg-MtsAFGFP<D;^||) o HNitfi 
^'v.cDjaSiSSIi^S^AtJCl^Li tmusSall/Nhelfrg-Mts AFGFP±T, lfii'&?'\ 
OiSM^AB#i:{^i|{CQuikChange™ Site-Directed Mutagenesis Kit^MbTKi 

^bTVi-5ts271 strain (Thompson, S.D. et al.. Virology 160: 1-8 (1987)) 
®gB?y&Mb, A262T, G264R3SirJ^461GCD3®RlfO^M^A^ffofc. ^^^A 
\Z^m bife'&^rtU zfO@2^J«, A262T/G264R (5'-catgctctgtggtgacaacccggacta 
ggggttatca-3ViH^J#-^ : 1 0, 5'-tgataacccctagtccgggttgtcaccacagagcatg-3 
'/IB^IS-^: 1 1) , K46IG (5'-cttgtctagaccaggaaatgaagagtgcaattggtac 
aata-3VSBawj#-f- : 1 2, 5' -tattgtaccaattgcactct tcatttcctggtctagacaag-3' 
/ge^JOT: 13) T^-So ^lElf«VifSHN»e^^®^^#A^SiJ'«?©^^3' 
-±Tffo^;«>5, pSeV18+/AF-GFP^SalI/NheIT«L#e>n§MRr)tHN3t'^<£ 
#tr7^^pt>h (8931bp) SrLitiDus38©SalI/NheIlJ--f 

T^Snsy^X^I^ (LitmusSall/Nhelfrg-AFGFP) ^fM LT. MS.lKHNit'g 

. m^i'±iz3mm. mm^^±iz3mm<D9\-6mwT(DMmm^&m^mAv 

Tc (LitiflusSall/Nhelfrg-MtsHNtsAFGFP©:^!!) o 

Li tmusSall/Nhel f rg-MtsHNts AFGFP^Sall/Nliellr^^'fbbTllitXbfc:? y^:<> 
h (8931bp) t. *:^pSeV18+/AF-GFP^SalI/NheIT?gft;bTlHli|XbfcMS.rXHN^ 
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>y-(^^)V^±^ii*yAmk (pSeY18+/MtsHNtsAF-GFP) ^m^htc (02) 

o 

^;^-^^EE^J-Mi&'>y:^;^=£Wf -ssEAPifit (wooo/70o70) ^mi-vmKm^L 

(1638bp) , m^»^leliR • ^SL/^ pSeV18+/AF-GFPRt/DSeV18+/MtsHNts A 
V-GV?(Dmi1j-^ hizm^Ti^/ufCo ^n^en. pSeVlS+SEAP/AF-GFPWpSeVlS+SE 
AP/MtsHNtsAF-GFPtb;t (0 2) » 

^4J\^7.(Dnm^\tU^(Dm^ ai, H.-0. et al., I. Virology 74. 6564-65 
69 (2000). WOOO/70070) fctJ^oTff ofCo F^^ST*5©TFSe©^;i//t-Sa 

m^mmt^i)^. mm^)vn-mm^miz\tcTenoyi?mmmmiy:^^A^mm l 
TVi?). sfe->7.5"i^ttcre DNA a>}i±-'{£iz^i:)m^'¥-m!^^mmmm-r 

SJ;3lC^tt$n;fey^X5 HpCALNdLw (Arai, T. et al.. J. Virol. 72: 111 

5-1121 (1988)) ^mmLrch(D-v$>y). i^r/^xs H©h^>;^7:t-'7>hfc 

Cre DNAU3>lf:f-if$^^-r§ia^>-m^Txy':7^;i'X (AxCANCre) ^Saito 
^0)-^^ (Saito, I. et al., Nucl. Acid. Res. 23, 3816-3821 (1995), Arai, 
T. et al., J. Virol. 72, 1115-1121 (1998)) T{i^^1tTSAa^^<£5§S^ 
ii^o SeV-FMeoJ»^^ Fjie^^WT^IWI h^>X7:t-V>hmmC-MK2 
mtUmX^. AxCANCr e-e^^^FS 6 ^Wm^^ 1^ T S^fig ^LLC-MK2/F7/A 

mm^^^^mmx^^ )V7.(Dnmmmr<Di:'^\zno^o LLc-MK2m^ 5 

X10« ceIls/dishT100miD(D5>^-Hcit^, 24^fBliS*^> V^l/^ (psoralen 
) tfit^ftm^ (365m) T?20^FBl^i!lSbfcT73j^'J^^— tfSr^i^l-SUnye 
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i->h7i7i/=.7'y4 (PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. A 
cad. Sci. USA 83, 8122-8126 (1986)) ^^^aTl^Fel^^^itife (iD.o.i.2) o 
mm^M.m^t^fSi^mii'm^l^rc^. y^XSKpSeVlS+ZMtsHNtsAF-CFP, pG 
EM/NP, pGEM/P, pGEM/LRrXpGEM/F-HN (Kato, A. et al.. Genes Cells 1, 569-5 
79 (1996)) ^^n^nU/ig, ifig, 2 tig, 4AtgRmMg/dish©»it"e0pti-ME 
M (Gibco-BRL. Rockville. MD) \Z^Miy. 1 DNA/5MLffiS©SuperFect tran 
sfection reagent (Qiagen, Bothell. WA) ^Xflxm^V. Mmxn^mtScm^ 
. FBS^^trOpti-MEM SmLtcAtl, mBlzmMLX^mLTzo 

II^Jfilif^£^S)^ViMEM'e2laIiife#L, 40tfg/mL© Cytosine jS-D-arabinofurano 
side (AraC: Sigma, St. Louis. MO) RlX7. 5Mg/iiiL®Trypsin (Gibco-BRL, Rock 
ville. MD) ^^MMTi^^bfeo 24P#FB^ig*^. 8.5X10« eel Is/dish^fc D 
(CFga^j^M^^T'SM (LLC-MK2/F7/A : Li. H.-O. et al.. J. Virology 74 
. 6564-6569 (2000). WOOO/70070) ^fiMb, 40jtig/niL® AraCR^. 5 g/mL©T 

TYm\n^^n\mxM\z2BmiTcxi^mLrz (po) „ jitis^m^iHiiRb, ^ 

l/^:/ h^2mL/dishab/fcD© Opti-MEMtMLfc. l^BMM^ BmU^MXLtc 
5'f-^'-h?^-e©^^LLC-MK2/F7/A(Ch7>'X7x^->3>L', 40jtig/DiLO 
AraCSm. 5itig/iDLOTrypsinS:^^jfil?S?&'^S;a:ViMEM<£ffiV>32'C-e«Slbfc (PI 

, miOtig/joKD AraCBLJ^7.5Aig/mL(DTrypsin^^^lfilif^^*;'5:VW^fflVi32 

vxmmbrc (P2) . 3^5BWzmtc\zmmhrcLic-m2/?vh{zn!^mm-^^ 

, 7.5/xg/mLOTrypsin©^§'^^^lfiim^^*^=cViMEM^ffl(^i32t:-Tf3~5 BFb1J§* 

Lfc (P3) , ^uLrcmm±mizmmm%izf3i^^oizBSh^mML-sQx:\zxu 

Z. (D:^mxm& htc^^^f }U7,mm(D^ ^ i5'-«SeVl 8+/ A F-GFP, SeVl 8+/Mt sH 
NtsAF-GFP. SeV18+SEAP/AF-GFP:&D^SeV18+SEAP/MtsHNtsAF-GFP-e^n-?tl, 3 
X10«, 7X10', 1.8X10" S.m.9X10' GFP-CIUM (GFP-CIU(O5t«(iW000/70070 
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MtsHNtsAF-GFPt-^liT. FSS^^ic^SI- S« (LLC-MK2/F7/A) \zm^^(0 
SeV18+/MtsHNtsAF-GFP«32t:T?a^2>Sa!:/^--i^©jK3{>5D3&ta&5t)©037 

fc'>^;i/:^3&«32'CT®4W;0^^lri (Kendo. T. et al.. J. Biol. Chem. 268: 219 
24-21930 (1993), Thompson, S.D. et al.. Virology 160: 1-8 (1987)) ^itH^ 

m^^mf)^±^v. '^m.nmi!)-^^rcho:>x%miisLx^^^'^\zfsi^-^mmm 
^>^ti)mfE>mzf3i'orc, 
32'c-e'^w>'i'XMm«w±#T§s*<hLT2*%;ie,n^o ^-r, 

-yzi.y^>{ ;l/X©Jt*i^ttlM1-5^{C»LxTlri§AraCJca:Sm«14jO«. 32'C 

2/F7/A^^« \^td^^. 37x:i?ti3-4 B '^xmzmunmimu-^tmii^rik.m^ 
fim7LX< ^<o\zn\y. iiv,x'^m^td^^\±i-\m\t^-%\z'^mmmmx 

»©^< m^semnmi^r^m^. ^mmmmmimm0!c(^'^^\z^mRf^-^ 

enSc 2 .^g f*32'Clf^«L;^:®^tc:mC-MK2/F7/Afe*5ttSFMa 
®^^75«Jiit$nTVi§*T^Sc F®eSi$M^Si"§« (LLC-MK2/F7/A) 
6 weliyk-htioa; FBS^^t?MEMTii>7;PX>h{Cfd:^*l:37'C-e^«^> 7 
. 5 g/iii©Tryps 1 n Sr-^^^jfil?! 2:^ ^ ;f5; ViMEMl^lSm U 32t:^ V i «37"C T i^ai U . 
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) $Mb»sterE-blotting€:fTaili'e. «l^©FSa^Sr^^*65^c:^*f 

±IBWestern-blottingraT©:&^Tffofc, 6 weliy^- h©lwelld^e)IsIiK 
L.fc«&-80*CT;tiS«^#^, lx«S5b;^cSDS-PAGEffl-y->:/;UA«:;7T~ (Re 
d Loading Buffer Pack; New England Biolabs. Beverly, MA) 
^iX^rmrmmbrco ^ib^. ±tflOjiiL^SDS-PAGB^r> (T;W5^y;i/10/20 D 
aiichi Pure Chemicals Co., Ltd, Tokyo, Japan) J;:p— 15idMT2. 5I^W 
^W^. PVDFM (Immobilon PVDF transfer membrane; Millipore, Bedford, MA 
) t-fe^ H7-r^JCT100mATlii#f^fe^bfco fe¥lK^:/n^;/^>i^« (Bloc 
k Ace; Snow Brand Milk Products Co. , Ltd, Sapporo, Japan) 7?4'C 1 ^Fb1£^± 

ikmLTcm. m Block kce^^^mmi^^i/mo^mmii\ihrz-:k^i^mm\z 

mV. AX:i!~mikm.Vrc, O.OSX Tween20<&^mBS (TBST) T3lel, JgtCTBSlrS 
mm^LTc^. 10% Block Ace^"^^5^HRP*^'g-L/fcM-x'!>;^IgG+IgMtit#: (Goat F 
(ab')2 Anti-Mouse IgG+IgM, HRP; BioSource Int., Camarillo, CA) ^1/5000^ 

mmuLTzn'^tfii^mmizmL. Murimmmmhtco tbsttsihi, tbstsisi 

Sfe#L^^, it^^yti^ (ECL western blotting detection reagents; Amersham 
Pharmacia bio tech, Uppsala, Sweden) lcj;t)^tBb;feo 

4] UMm^^^mmx^ ^ 2 'AM^m^l'^m (ha assay, Wes 
tern-Blotting) 

■ SeV18+/AF-GFP, SeV18+/MtsHNts AF-GFPi^fC, ^X(D^^ )V:^m&^^ir^ 
i-JV^^t^G¥?m}^ (780bp) ^mrnVtcSeV (SeV18+GFP : 0 2) ^fflV^Tltti^ 
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6well pIate{c:*3lriT3>7;i/X>b{Cii5t$-&feLLC-MK2«l8II§t, 3X10' CIU/ 

isKD^^y^jVT.mMtiMmrcomMmMvi: (m.o.i.3) imMmmv. m 

^^t^m-^ntc (0 5) , 
2'AtSLtiim'\t^smmmm^ (mm^ xmmv. Katoe.©;^^ (Kato. a. 

et ah, Genes Cell 1. 569-579 (1996)) ) tCffifeoTfroi/bo Wfe, :^j£0967^ 

^J^f^^bfc. ^©50/iLi::i!«;M{wPBST#i?Ufc::iy b>j^#jfcL (□;^^n-i' 

Tokyo. Japan) SOwL&^S^b, 4'CTlfltlfe1^5tSbm3^©M*$lilgU, M 

fz. ^Tc. IHAU^IXIO" ^^JlXtmWLX. ^^)VXm.Xmhtc (06) . Se 
V18+/MtsHNt s AF-GFP-e 2 :ktkmL=f'ifiii^ts.r)m'>V. 37t:T5eV18+/AF-GFP®*?J 
l/10t^^i!>LTViSi»$nfco ^fc, SeV18+/MtsHNtsAF-GFP«, 32'CTfc':7 

^m.tmm\zU':>x\^^^t^x^tirco 

m(D^MSS^^(0 2)!Km&^=f'(D%m.t\^X. Westem-BlottlngfCcfc'SJtSSff 
±IBi:|^i;«fc"5fcLLC-MK2«{Cin.o.l.3Tg5S^^. «2 S^t:^«±?f 
^:W^lE|iRl^, ig«±«ti48,000gT45:J^r^1i®>C^Lc>^;i'7.ge^Is]iRL.fco SD 
S-PAGE^. Wes tern-Blot ting^&fi^lri, JiMJi^^T^aiLfc, tr[Mtri#:Jiir;fctP@ 
bfcJ^?U^'0-:^;^^^^T*D, SeV-MgeK01-13 (MADIYRFPKFSYE+Cys/SB^ 
1 4) , 23-35 (LRTGPDKKAIPH+Cys/@H^J#^ : 1 5) S.t;336-348 (Cys+ 
NWAKNIGRIRKL/Em^ : 1 6 ) ©^^^^^5^ H 3 fflg^ LT^^ L.fc>^7lt^ 
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M3&> S^ilUfc fe©T^ 5, Wes tern-Blol t i ag\tmmm 3 {C|Bi^0;^S7rff 

(Anti-rabbit IgG (Goat) H+L conj.; ICNP.. Aurola, OH) ttl/SOOO^SfcH 
^LrcM^mrnhfco SeV18+/MtsHNtsAF-GFPT«. tt't'fctiMme^^^l^g^ 
^^^<^mLT^^^<D},zMLvii\is(Dm^mi)m'PLT^y) (07) . Western-Bl 

immm 5 ] umm^^mmmx^ ^ ji'7.<D^^mm^'Tmmm (seap assay) 

SeV18+/MtsHNts AF-GFP(C*3liT 2^iS[aiiL^;5W>LTViSd«x ttltmmiZ 

mzf3ioxb^^(Dx. "^(D^mmiz-Di^^x^m^n^rco scvis+seap/af-cfp 

RafSeV18+SEAP/MtsHNtsAF-GFP&LLC-MK2«(Cm.o.i.3T^m m 
m 12. 18. 24. 50. 1201^^1^) mm±mmUU ±m^(DSmmm^1(epoTie 
r Assay Kit-SEAP (TOYOBO, Osaka. Japan) ^mmLxm\zmm(D-^miZ'^-::>X 

\^>xmmmmsm (Emm mMLrc-f)^ M^ttttSeVlS+SEAP/MtsHNtsAF-G 

v?x'^mmi/mzm^pvx\,>rc m9) « ^rc. l^i^•>'/;^cD'>^J^xmoo 

0gT45^rBl^'L^b'>^ ;PXMa^lHlii2Lfc^, Western-Blot ting-rmM5i#^fiJffl 

t^cttiK. 2'Amiii^^^mimzmpx^rztmm^nrco 
immme] umm^m^mmA'y^j\^7.(Dmmmm^ (ldh assay) 

i:^mm^m^rCo LLC-MK2. BEAS-2B3^Z^CV-liailiiS^-?-n^tl2.5XI0< cells/we 
II (100/^L/well) T96well platetjf^ig^bfc. ^«{C«LLC-MK2SlXCV-UC 
aiOX FBS^^tJMEMS> BEAS-2B{c:«101l! FBS^-g-tfO-MEMiROTMI (Gibco-BRL, R 
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ockviiie. MD) oi : im^m^mvrzo imr^^m^. nnsk^^tsmwr^m 

^VTcSen 8+/ A F-GFP^ (iSeV 1 8+/M t sHN t s A F-GFP^IS 5 m L/we 1 1 T^JP b S 

«^M^6HmfCig«±?f<&+h>7'U>i5^b. Cytotoxicity Detection Kit (R 
oche. Basel. Switzerland) <&fijfflLTKit tSB«©;&l*lCfcTtti^«tt©^ 

BEAS-2B{;:i5V^T}i, SeV18+/MtsHNtsAF-GFP©»i^§ttHSeV18+/AF-GFP^:|Wl 

m^^^iZ. mB<DmMP^mmzo\,^xm^rco 6-SeV (SeVlS+GFP. SeVlSt/A 
F-GFP, SeV18+/MtsHNtsAF-GFP) S:LLC-M2i9J!glC'€-n^n^^l/, 32t:, 37"C^ 

^^tzzx^x^mviBrnzmmw^mmi^r^^m^^norc. ^m^^my 

misahiX:Xi5^mm^Lrc. Y^smm^W^. 2% Goat SeruiQ]SS:t^O. IX Triton^ 

^ts?Bsmmx^mmrmocmg^n-orco n^nsx-mmw^. 2% Goat serum 
^^ts-A^^mm iiQfig/jBimmm xi7x:do^mK^^iyrc. mxzm^w^ 

, 2% Goat Serm^^ti—AlnWl^U (lOjtig/iuL Alexa Fluor 488 goat anti-rab 
bit IgG(H+L) conjugate : Molecular Plobes, Eugene. OR) XZlVlb^fi^Rj^^V 

Tco mmzmxz^m.^'^. mMmMTxwmvtzo ^immmxv, wmm^ 
^qg'f-ssevis+GFPTtt. mivrcHn<Dum\z:i5h^xhmft^'mxmmB<DW^ 
mmifimm-^ntc mi 2) , :L<D^omm&<DmmmzmLx\m^z^^-^n 

X^O (Yoshida, T. at al.. Virology 71 : 143-161 (1976)) . }dV:tyf^^<D 
m^'^K^hX^^^t^^^nxi^^^o gp-feSeVlS+GFPld^ViTfi. i^inoi^iz 
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(omm^iimmzm'Pi'rco MgafiFRtMge©^n^n©cytopiasiDic tan 

(Cig^L/T. mH^^M^l^tEt^t^X^nx^r) (Sanderson, CM. et al.. J 
. Virology 68: 69-76 (1994), All, A. et al.. Virology 276: 289-303 (2000) 
) , SeV18+/AF-GFP-e(i^©-;^©FSe^^^UTVi'5^, MMSO^^EtC^^ 
UTVi-5i:#^en§. SeV18+/MtsHNtsAF-GFPT«^©^#5&^<aiT, 

[|I»J8] 2'Mim'?mm^:h::-XA<Dmn (2) 

(MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) \Z^^M^^ 
mMLtCo SeV18+SEAP/AF-GFPRU^SeV18+SEAP/MtsHNtsAF-GFPS:A-10» (rat 
myoblast) \Z^n^nm^L (m.o.i. 1) , 32t:^Vitt37'C-eiO«jfii?»<&^trMEM 

1 BWiRzS2Bmzmmi^RzsmR^w^mmLx^^m^^n-Drc. 

mhrc^^y-}\^^maLiX:Tn^mm^Vrc. fUSXZm^^W:. 2% Goat Seru 

m, IX BSA^^r)co. ix TTHon^'^mBsmt^xmmnm':fuy^>if^n'orco 2% 

Goat Serum^^tfM©-^ia#i§^ (lOfigM JaM^^) X31X:20^mR}t^h. M 
iZMO—^k^i^mm (lAig/mL $iHNSi#: (IL4-1)) XilX:ZO^mR]t^Lrc. PBST 
Zm^W^^. 2% Goat Serum^^t^zl'Aifii^mW. (lO/ig/nL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate R7J lO/ig/mL Alexa Fluor 488 goat anti-m 
ouse IgGCH+L) conjugate : Molecular Plobes, Eugene, OR) XZ7X:i5^f^Rj^h 
fc. PBSTSlHllJfe^^, m^$lk^T^rcmziMQOQ\zm^LrcTOjmZ (Molecular 
Plobes, Eugene, OR) ^^^^^aTlS^TOSL, m^\zmyt^iS9X^rctt>\Z 
, Slow Fade Antifade Kit (Molecular Plobes, Eugene, OR) (D^WzM^l^- 
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;/S:^5^fe?S^^ifebTViS07?W6j&t;KT*S. SeV18+SBAP/AF-GFPOii-&«, 3 

Mge Rl>TlNge ©^^E5&^*M^$ tlT -So — ;&SeVl 8+SEAP/M t sHN t s A F-GFP 
•^tt. Mia^i:t{C^lieilO^^ElCSeV18+SEAP/AF-GFP©:l'&iifc'^jiVi:^>t^ 

Bmt\i^±\Z^mi^. MgQM/h^ (microtubule) ©t'C^^^^ifi itUt>-b 

:i}wjmm) th'fm-^ti^^^izMtEvx^^Lxi^^^o m^^mBmmmL 
ftm^^muommm^nr^y). mzsevmsEPifAiismisA¥-Q?fmm&M\z 
*3t/iTtt> mB<Dmmnmmzmm\B'^tmtm^< mi 4) , ^n^n© 

^fc^ SeV18+SEAP/MtsHNtsAF-GFPS^^32'CT^*tfeJi'&, M®e«/ht= 

'ft:^l^'<;feo SeVlS+SEAP/MtsHNtsAF-GFP^A-lOfcm.o.i. 1 X'^m^. UWzM 
M-att^T 2b S colchicine (Nakaral Tesque, Kyoto, Japan) ^V^^J colcemide 
(Naltarai Tesque, Kyoto, Japan) ^^M^ 1 u-U WjaV. Z2X:X^^Vfco ^ 

mBmz±j/Ktmv:^^x\ m^&omm^^m^^mmvrco um-^u 
m^mnvf3,\^^m^it. ummmn^^mmm\zmc^^^mvrc mi 3) <d\z 

x^m-^ntz (015) « :i(Dmm\t. mB'tco^amrnvrchoft^^^^imm 

^Lrzm^'^(Dmmzm^ti^f^^vxi^^^-psmm^^^f)^. i^n\zLx%Mi 3 

\ZM>^n^. SeV18+SEAP/MtsHNtsAF-GFP^^^32*CT^IIb;fc:®-&©M®a(*» 
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^rctb\Z. SeV18+/AF-GFPSLDJSeV18+/MtsHNtsAF-GFP©M'i7^;i/XlCOViT, ^ 
^©MlcS (RtXHN^e) 0M«E^'ft:t^-r§IS/hWlKa'&^^ (colchicine) 
omm^m^fco SeV18+/AF-GFP^lifiSeV18+/MtsHNtsAF-GFP§A-lO{Cm.o.i. 1 

#:i:LTli^$nfc. SeV18+/AF-GFP(D«^'&M geM/h^<i:#^#bTV>^ pI 
tg-ISj^^^lt^nfco MC, 37'C{C:feLiTtt#^^SeV18+/MtsMtsAF-GFP^^IHII§lr 

itCFS.«Se©^tl^n©Cytoplasmic tiiWzW'^hrz^Wi (Sanderson, CM 
. et al., J. Virology 68: 69-76 (1994), Ali, A. at al.. Virology 276: 28 
9-303 (2000)) T^/hWlC«ioT m^\t^^-y><D^o-fS:^'-$^-W^\zm'^ 

, mMiitmm^n^<Di)^^MTSit\^^^z.tx;^-ox. ^m(omt(D%(Dmix 
§tubuiiDjsseV(^^^ • mmmmzm^v. m- • ^m^m.-t^z.t.iim^-^ 

nx^D (Moyer, S.A. et al.. Proc. Natl. Acad. Sci. U.S.A. 83. 5405-5409 
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(1986): Ogino. T. et all. J. Biol. Chem. 274, 35999-36008 (1999)) . tfc 

ia/h^©*^D#:#jfi irUt>t>::i)VPWUT&) H'^fSL-^Mtfmr^^ 
o :StC, SeV©^M^T*SFl-R siii\n\t.m^\Z^l^^^l^X\^^^ifi. 
m/hW^«$-S:T, Fl-R strain©«0@i4C^fe#b?5:l/iS?M^nJtgt-b 
TV^^i#;16,nTVi:& (Tashiro. M. et al.. J. Virol. 67. 5902-5910 (1993 

it^ftMP) ^mmtvx. wmmmsevxm^-^nx^^^m^^mit (bossow. 

S. et al.. Negative Strand Viruses 2000 P157) tl3bfc3$C^*fi^"3fco 
^^Abfc. P(E86K), L(N1197S/K1795E)&a^(L511F), L(N1197S/K 

1795E) (D2mmx$>^. ^ne.«M^WT5i^^$nfe^M»tt, te^-igisi 

d^^n-€^ni/4-l/8Ra5l/2-l/3tcMiS>b, virus releaseJ^*?Jia;{cSTMii'"l>Tli 
fct^^^tlTVifc (Bossow, S. et al., Negative Strand Viruses 2000 P157 
) , 

^M»Aox^-A^0i iizmhtz. vx^^mziGYm^i'^mWi.hrc?^ 

^M-fe>^'f'^7^;UX^;R'J^yAcDNA (DSeV18+/AF-GFP : Li, H.-0. et al., J. 
Virology 74, 6564-6569 (2000). WDOO/70070) ^SallRMielT^mbbNPjte 
^^■a-MM- (8294bp) ^MH^V. ^0^:t^) ::mh^mmbX-^)V^^u-->if 
D-^h^mKVrz (pSeV/ASallNhelfrg-MCS©^^) . >^•^^-r 
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hMX\Z^F^brc'^fS(,tV::I<DMMt (5*- tcgacaccaggtatttaaattaattaatcgcga 
g-3V@3^J#^: 17, 5'-ctagctcgcgattaattaatttaaatacctggtg-3V@a^J#^ 

: 1 8) r$>^, ^Hb^^ipSeV/ASallNhelfrg-MCS^fflViTLjte^'vCD^^A 
^ffofe. ^^^AtJiQuikChange™Site-Directed Mutagenesis Kit (Stratagen 
e. La Jolla, CA) ^mmLxm\Z$m<D:^mzU^Tn-:^rc. Liie^0N1197S 
«M#A{C^fflL'fc-&^fe:f U zi(OBmt (5'-gttctatcttcctgacTCtatagacctgga 
cacgcttac-3'/SB^J#-^ : 1 9, 5'-gtaagcgtgtccaggtctataGAgtcaggaagatagaac- 

3vsa^j##: 2 0) . nmE(Dmmmxiz^^Lrc^f$.t^jzi(Dmm-i (s'-ct 

acctattgagccccttagttgacGaAgataaagataggcta-3V@5^J#-^ : 2 1, 5'-tagcctat 
ctttatcTtCgtcaactaaggggctcaataggtag-3VSB^J#-^ : 2 2) Ta^-S. Pjt'g^''^ 
(0^mMX\t. pSeV18+/AF-GFP^SalI/NheITMbTlHlJRbfcPit'&?^'^tr7 
^^^>h (8931bp) ^Litius38®|^-y--r h'v^-r^*— >'3>bT#?>tlTVi-5L 
itmusSall/Nhelfrg AF-GFPSrfflViXff -pfeo Pjtfi^ ©E86K©^S^A(C^ffl L 
ifc-a^iK^U ::J©IBMJS (5' -caagataatcgatcaggtAaAgagagtagagtctctgggag-3' /M 
^JS-^: 2 3, 5'-ctcccagagactctactctcTtTacctgatcgattatcttg-3Vi2^J#-^ : 
2 4) , L511F®^M#A(C^ffiL.fc-&^!g:rU::f0g2^J« (5' -ctcaaacgcatcacgtc 
tcTtTccctccaaagagaagc-3ViBa^J#-^: 2 5, 5'-gcttctctttggagggAaAgagacgtga 
tgcgtttgag-3ViH^#-t : 2 6) T^^o ^M^A^, Pite^ (c^n^*n-y 
mo^m^^t^-f^XS.}^ (LitmusSall/Nhelfrg AF-GFP) ^S&limelX^mit 

bTiHiJRL/fc7^^^>h (8294bp) ^fc. m^iz-^m<D^m^^t^ 

y^X^H (pSeV/ASallNhelfrg-MCS) ^Sall/NhelTML/THIiRLi/tLjiCT 
^^tf77i^;<>h (8931bp) ^^-f^'-S^H >LT> pSeV18+/P86LiDut • AF-GF 
P (P(E86K). L(N1197S/K1795E) ©^^^WT-S) R2^pSeV18+/P511Liut • AF-G 
FP (P(L511F), L(N1197SA1795E) ©^S^WTS) ^mmLtc (pSeV18+/PLnut 
AF-GFP tmWt^) o 

'm\z. mmm^'i'm^m(omm^n^mz. ^mm7Ji^i!V!t^7.7 7^—^ (s 
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•:^;^-:n*ft@H^J-^^Si^^:^;^^w•r'5SEAP^^jt (wooo/70070) ^mirmKnav 

(1638bp) , pSeV18+/P86Linut • AF-CFPRrXpSeVlS+ZPSllLmut • AF-GFP(D+18fi: 
COmi-^-C hizU^Th/ufio ^n^n. pSeV18+SEAP/P86Lmut • AF-GFP, Rt^pSe 
VlS+SEAP/PSllLmut • AF-GFP i:bfe. 

0 }V7s(Dnm^\tU^(Dm^ (Li, H.-0. et al.. I. Virology 74. 6564-65 
69 (2000), WOOO/70070) ^zU^Xff^Tco #iBW0Jiffl»®^SS^«l2 {C|3«(D:;^ 

F-GFP, SeV18+/P511Lmut • AF-GFP, SeV18+SEAP/P86Lmut • AF-GFPRlJ^SeVlS+SE 
AP/P511LiDut • AF-GFP Wn-?tl, 4.0xl0^ 2.8x]0^ 3.7 xlG'J^m. 0x10" GFP-C 
lUM (GFP-CIU©^^ttW000/70070lC|Bi4) Ta^-^fc. 

„ z.<Dm. sevi8+/AF-GFP<h0jt$jfi£ffofe. m^:&^<Dmmit±ti(DmmM 4 
\zmmvx\^^^tiK mmzm-rt. e weii i>uie\z:^\,^xa>y)VJi>h\zmM 

$ii-^LLC-MK2ilffl|}S{C. IxlO' CIUM^VimxlO' CIU/mL©#'^^';i/X|§?^<&lwell 
«&)tD100AiL^^JlPbT (^n^*n» MOI I^VHIMOI 5) II^PbI^^L. MEMTifc 
1 wellafefcDlinL©jftimS;'^^;^ViMEM=£«UT37'C'r«5ILfco IHftlC 
ii->yU>i/L> ij->:/U>^M<ri::jfa«^^^?^^^ifH^iMEM ImL^^JnLT 

Mmii(Dm^m&to?,<D-^m (Kato, a. et al.. Genes Cell 1, 569-579 (199 

6)) ) fcMoTfr-Dfe. mt>. :^Ljs©967^y^-h&^iBb, ^^)V7.m^mm 

6*|}3PBST'^i? Lowell 50;tiL©2jgl&SR^^J=&f^Mtfco ^©50/iLfclX^g@^JCPB 
ST^f^bifen^hUiS^Jfil (□Xtn-f:*-, Tokyo, Japan) SO/iL^jl'&U, 4*0 
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^(DlzMVX. SeV18+/P86L)DUt • AF-GFPI^t>'SeV18+/P511Linut • AF-GFP^^m 

x}t. 't0m(i>m^tA>ami/^ctx$>^o ^<Dmt?isLZfL^(D^m^MzX':> 
T, mmmmmmmitL. mm^m\z^^^xhsey^^^-<ot^^ - ^mnim^ 

^n. 2mkmWs¥'mf^(Dmmm^'^nx^^^ti^m-^nrzo 

mfik^mmzmhx\t. cy-mmiz^i^^xseymm^wti^fs.mmf3im!^m^m^ 
m^x^^ztfj^i^. ::(Dcy-mm^mmvxwmvrz, ^ft:n>ha-jitv 
X. ?/i^(D^mmx(D:/3i\^^fx^msQ\ (sevisvAF-cFP) ^Mbfe. mm:&m 
(Dmatmmmeizmmhxif^^o mmizm-tt. cv-i«^2.5xio* ceiis/wei 

I (lOOML/well) T96well platetfil#^«L;fco ^*CttlOX FBS^^trMEM<& 
^mbtzo imm^mWi. BSASr^tSMEM-e#|RLfcSeV18+/AF-GFP. SeV18+/P 
86Linut • AF-GFP^V:k«SeV18+/ PSllLiut • A?-G?m^^i ul/venxmnil'Bm 

^, m^3amzi$m±m^'^>':^^)>'^L. cytotoxicity Detection Kit (Roc 
he, Basel, Switzerland) <&fiJ^ LTKitfc:|B^O:;^j*fc^^-pT^»#f4(D^* 
^ff^fzo SeV18+/P86Lmut • AF-GFPS.tX SeV18+/P511Lmut • AF-GFPHfeViTSeV 

iiW^¥-Gvv^io%mi^-d^fsimmmm^(DWimiimm-^nrz mi 9) . 
y(Dmm^mxhrzz:M(DK^ir'~<Dmmcv-mmxGv?m^mjk(Dm'^B^-^n 
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xwz (02 0) c cv-mmmemmm^&^rsimmmmt:^nB<. mmmmt 
#<. 'iimh$k\^^^tpm%m\zhm^-^rL^o ^\z. sevis+zpsiiLmut- af-gf 

SeV18+/P86Lmut • AF-GFPS.meV18+/ PSllLmut • Af-GV?(D2'Amh^&'?WP 

:sLzsmm^mB.mm(D^mt. Wib\zm^-^nrc^mmizmf^. m^-mmcD 

Mil (^n^ni/4-i/8S.m/2-l/3<!:l§^ : Bossow, S. et al.. Negative Stran 
d Viruses 2000 P157) \zmmt^pJm^7!)^$>^o ^(Dm. fe¥ • ^SoM^lCJ; 

^^-iz-z>\,^xhmmzsEP^i&&'?^mxLrzh(D^i^mh. mm&mti^^oysE 
Kp^mm^mmmzm^hfc. 
m^-^^onmitmmM 5 \zmmbx\^>^o mmzmtt. sevis+sEAP/AF-GP 

p. SeV18+SEAP/P86Lmut • AF-GFPB:i[^SeV18+SEAP/P511Lmut • AF-GFP^LLC-MK2lffl 

iig{cm.o.i.ioTism mmm\z amm^iz) mm±m^muv. ±m^<DSEk 

PfSft^Reporter Assay Kit-SEAP (TOyOBO. Osaka. Japan) ijffl bTKi 1 1 E«t 

0:^mzUoxn'orco sEk?^mmt±x(D^^^-mx\tt/vamcri'ofc ( 
02 2) . ly-fe. mmmmsey(Dmj^m/i^^xvrc<i7i^-xhmm.m(Di&r 
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2 3) . v/i^(D^^x(DM*^^^Rvk-^nx^^^tmm-^n^o ^tz. mm 
ev<DmmA^mAvrzctxmmm^(Dmmf)mm-^nrc (024) . 

^ZX. Um.m^ik^mX^^6mm(^^^ (M:G69E, TUGA, A183S. HN:A262 
T, G264R. K461G) RlX^M^SeVS*®^^ (P : E86K^Vim511F, L:N1197S 
, K1795E) (D^mmm<DmiSi^^r^2mm(D?X^mSey^^^- (025 :Se 
V18+/MtsHNtsP86Lfflut • AF-GFP. SeV18+/MtsHNtsP511Lmut • AF-GFP) ©^Ig^&ff 

-r^7xf Jl/X^;??^— y/AcDNA (pSeVl8+/MtsHNts AF-GFP : HJIM SrSa 
\mXMie\xmi[:V?^M^'^^^tsy^^^>h (8931bp) $Litmus38©|^1^--r h 
'^■^^y— >^H>LT#etiaLitinusSaII/NlieIfrg MtsHNts • AF-GFP^ffiViTfr 
•5;^. ll»Jl{Cie«©^l*T'ffVi, Pa^5T©E86K(D^^#AlC}i (5'-caagata 
atcgatcaggtAaAgagagtagagtctctgggag-3'/S3^J#-^ : 2 3, 5'-ctcccagagactcta 
ctctcTtTacctgatcgattatcttg-3V@a^J#^ : 2 4) ©E^J(7)^^fe:t>J n'^l^fflb 
, L511F©^^^AiCJi (5' -ctcaaacgcatcacgtctcTtTccctccaaagagaagc-3' XWM 
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: 2 5, 5'-gcttctctttggagggAaAgagacgtgatgcgtttgag-3VIB^J#-§- : 2 6 

^^•r§7'^;^5H (LitmusSall/Nhelfrg MtsHNts AF-GFP) ^Sall/NhelT^^^b 
UTIiIJRLfe:7 7^^>h (8294bp) t. ^tc. mMmirmmbt. LJt^fc 
-^^RlfO^S^WT^T'^XS H (pSeV/ASallNhelfrg-MCS) ^Sall/NhelTm 
bTlHliRLfcLjte^^^tf7^^p<>h (8931bp) S^-r^-S/a >UT. pSeV 
18+/MtsHNtsP86Lmut • AF-GFP (mim^m^mikZSBmt), L(N1197S/K1795B) 
(D^m^^-r^) Rt;pSeV18+/MtsHNtsP5IlLiDut • AF-GFP (^SSiigli^^Jt 
D^^asUF). L(N1197S/K1795E) (D^^^^t^) ^mmLTz (pSeV18+/MtsHNtsP 
Lmut AF-GFP <J:»t"5) » 

MIC, i^imm-mnmoMmm^^iz. ^mmjjvij^j-^xyT^—^ (s 

EAP) mi^^^mmvrcmmmmhn^rcc mt>. sEApm&i'ormzm^i^^ 
i-jv-ift-tEBn-mt^i^ifi-jv^^T^sEfiBm}^ (wooo/70070) ^NotiT^oaib 

(1638bp) , pSeV18+/MtsHNts P86Lmut • AF-GFPRtJ^pSeV18+/MtsHNls PSllLmut 

• AF-GFP(D+18fe©NotIlJ--r hlzU^j^AjfCo ^n^n. pSeV18+SEAP/MtsHNts P 
86Lmut • AF-GFP. WpSeV18+SEAP/MtsHNts PSllLmut • AF-GFPtL;fc. 

tmm 

"y-OVXOnm^itLi^om^ ai, H.-0. et al., J. Virology 74. 6564-65 

69 (2000), WOOO/70070) (r^^oTffofco nmit:^mmm<Dmmm2\zwM(Di^ 
rnvn-Dtco m:&^'cm^^\^tc^'^^ )vxmt^<D^^ ^'-}tsevm/msmiis p86l 

mut • AF-GFP, SeV18+/MtsHNts PSllLmut • AF-GFP. SeV18+SEAP/MtsHNts P86Lin 
ut • AF-GFPR.rJCSeV18+SEAP/MtsHNts PSllLmut • AF-GFPT-etl-e'n, 8.6x10*. 4 
.2 xl0«, 1.7 xl0»Rm.7xl0« GFP-CIU/mL (GFP-CIUO^««W000/70070fc|Bm) 
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o ^(Dm. sevi8+/AF-GFPi©jtife^ffo;^o m^^^ommuMMM^Rxsm 

mm 1 fcEi^bTViS*^ mmizmrt. e vell platefc:feV^Tri>7;i/X> 

hfciim^-B:^cLLC-MK2WlC, 1x10' CIU/mL^V^mxlO' ClU/mLCD^'^^ JWX^ 

^$riweii^feoiooixL^»bT (^n-^ti, Moi mvijiMOl 3) immmmv 

. MEMT!?5fe#^. 1 well^fcDlinL©iliim^'^S)5:liMEM*#linLT37'Ctf:^^b;/£: 
, lB^fc1J->7°U>i^U, 1t>7'U>^M<r{cM^-g-^;^j:Vi|frL/ViMEM ImL 

HAStt©S'JS«Katoe>®;5'^fe (Kato. A. et al.. Genes Cell 1, 569-579 (199 
6)) ) (ClMoTff^feo gp-fe, AjS®96/!:yix-h^^fflb> ':7^;|/X^<&g!i5^ 
6g(CPBST'#«5L.^ffell nKDZ^^^mn^^^ni^Tc. ^OSO uUzn^MlZ?^ 
STf&f^D/Si-y hU^fe#Jfil dX^A-fr^-, Tokyo, Japan) SOfiLtim'^h. 4*0 

AF-GFP) M^,«J;D'b2;^:feS[ai&^S*^*Mi!>tTVifc (0 2 7) o Se 
V18+/MtsHNts P511Lmut • AF-GFPlC*3ViTJi, P/L|g^©?S:ViSeV18+/MtsHNts A 

F-GFP J: 0 % $ & j;: 2 mcii^ML^*m'j>v. v/i^mmMz^^nia^finmm 

^$nfco Uh. SeV18+/MtsHNts PSBLmut • AF-GFPtr:feViT«SeV18+/MtsHNts 
AF-GFPJ: 0 'fe) 2 'AM.inm.'fMHimM L> e:(D:g-&MJn65^:^J{>5|i^$n;^j:;0^o 
Tco 2;kntii^'f'099Mt^^'^W.^.izmi\t. SeV18+/MtsHNts PSllLmut • AF-GF 
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X. V/l^(D^mmX(Df3:\^^¥X^mSey (SeV18+/AF-GFP) , Umm^^^mo^ 
^Wr-SSeV (SeV18+/MtsHNts AF-GFP) 2a©SeV (Se 

V18+/F511Linut • AF-GFP, SeV18+/P86LiDUt • AF-GFP) ^^fflUfc. 

m\tmmm6Rxsmmmi 2\zmnvx^^^o mmztitt. cv-]«s-2.5xio* 

cells/well (100/iL/well) T96well pUteizmt^mLfco ^mizitm FBS^ 
SeV18+/MtsHNts P86LiDUt • AF-GFP^V>ftSeV18+/MtsHNts PBULmut • AF-GFP^ 

^fsiu mmmizm^m^rz. mm3Bmz^m±m^D->'fu>'^v. cytotox 

icity Detection Kit (Roche, Basel. Switzerland) <£fiJfflLTKitfCfBife0:&S 

(c«e-3TMM^ffi®^fi^ff-3fco umm^it^^^mxr^::tr (sevm/ 

MtsHNts • AF-GFPfC:feViT) , i&'SS^iDm^^ttCMIi*^*^ D , ?/LMm^m 
X-r^Cfr (SeV18+/P86Lmut • AF-GFPS:DC SeV18+/P511Linut • AF-CFPtC^Vi 

T) mmizmmmm^(Dmmi}m^-^nx\^^^i}^. z.(Dm^^m.^^t>'&^:it 

X (SeV18+/MtsHNts P86Lniut • AF-GFPRmeV18+/MtsHNts PSllLmut • AF-GFPC 

:feViT) mM^\zmvmmfsimmm^(Dmmi)m^-^nrc mzs) o 

SeV18+/MtsHNts P86Lmut • AF-GFPB:UtSeV18+/MtsHNts PBllLmut • AF-GFPro 
ViTt), +18&fcSEAP5te^^^#Abfct){D^f^|Slb, i5^«3&^e>0SEAP^M 

^mmmizm^bfco 

mm:^m(Dmm\mmm5Rummmi3\zmmi^x^>^. mmizmrt. sev 

18+SBAP/ AF-GFP. SeV18+SEAP/MtsHNts P86Lmut • AF-GFPR2;SeV18+SEAP/MtsHNt 
s PSllLmut • A?-GFf^lLC-m2mmizmi I^l^^^MOI 3XmPk'^. ^mmiZ (24 
Btre^St-) ig«±ti<&lElJRb, ±m4'®SEAPSttSReporter Assay Kit-SEAP (TO 
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YOBO. Osaka, Japan) *?iJffiLTKitfc|Btfe©;^feMoT«lJtb;fe. 

nut/uamcrd-orc (029) o lo-fe, umm^^^:^zSBA^m(omm^m 
mm\z\tm^^^^^vrzm^m't>y'Xo^ y\/7.±^^j acdna (psevi8+ 

/AM: WOOO/09700) ^fijfflbfc, «l^©X^-A^0 3 1 fC^L;t„ pSeV18+/A 
M©M^^g|5fi^^tfBstEII»fit (2098bp) ^J^Sall/XhoITtmb^^-f ^-5^ 
3>bTEcoRY^iia5&^^^LfcpSE280 (Invitrogen. Groningen, Netherlands 
) ©BstEII-lJ--r ht-tfyi7D-->^^bfe (pSE-BstEIIfrg©«^) „ GFPjte^ 
^^TT^pEGFP (TOYOBO. Osaka, Japan) ^Acc65IS:?^'EcoRI-t?^^{bbDNA blunt in 
gKit (Takara. Kyoto. Japan) T05'*)^©fill in{Cj: D*^0¥m^ff 
. EcoRVTm^AP (TOYOBO. Osaka. Japan) ^S^ff ofcpSE-BstEIIfrg{::i^:/ 
^U—-yff\,tz. Z. ©EGFPite^ ^Ir^tTBs tE 1 1 7 ^ ^'p^ > h ^ t) i OpSeVl 8+/ 
AMtCMU. M:X^TOCEGFPjie^i^:^«LfcM^^^SeV^yAcDNA (pSeVlS+Z 
AM-GFP) Sfil^Lfcc 

mm\ 2 0 ] mm^^m^tw J acdna©:^ii 

TiBfB«<D^^(D7.^-A^|l!3 2fc^bfc. F;?:^§Bfi:(CEGFPjtfii^<£^«U 
TzEtK%m^Ly^^^>{)\/7.±^^ J hzmk (pSeV18+/AF-GFP : LI, H.-0. et al 
.. J. Virology 74, 6564-6569 (2000). WOOO/70070) ©Nael^M" (4922bp) <&pB 
luescript 11 (Stratagene, La Jolla, CA) (DEzm^^ YXC^y^u—^y^Xy 
TM^LfcpBlueNaelfrg-AFGFP^fflViTMii^O^^Sfi^o^, Ma^^E^© 
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ikChange™ Site-Directed Mutagenesis Kit (Stratagene, La lolla, CA) 
LTKi t {C|3ic©;^^{CtJ^o Tff o tco ^S^Af'^gffl Lrc^^:t U ziommm 
*- agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3'/'ffi^J#-^ : 2 7, 5 
'- tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3'/E^J## : 2 8) 
Tabs. mmmX^. kp&WVm^mith (ZIV. m , QIAquick PCR Purifica 
tion Kit (QIAGEN, Bothell, WA) TlilJRbfc^-^O^^^-r^— >3 >5l:fT-5:fc 
, nM. QIAquick PCR Purification KitTDNA^miRb, BsmlWStuIt^mb^D 
ma-s.j^m^^hxm^ (MSF^^) ^^^LjfcDNA (pBIueNaelfrg-AMA 
FGFP) SriaSlUfco 

M (ROTite^) ^^^UfcpBIueNaeIfrg-AMAFGFP$SalIS:mpaLITM^ 
ffVi, }iiit^W^^'kt^yyi^:^>h (1480bp) SrHIiRbi/Sic -:;&-rpSeV18+/AF- 
GFP?£ApaLI/Nhen?t«{bUTHN5ie^«:#tJif)t (6287bp) SrHIJRL, Jl©2a© 
if It ^Litmus 38 (New England Biolabs, Beverly, MA) ©Sall/Nhelit-f 
^U-=.>^hrz (LitmusSall/Nlielfrg-AMAFGFP®!^^) o LitmusSall/Nhelfr 
g-AMAFGFP^SalI/NheITM<kbTlHliRL;t77^P<>h (7767bp) t. ^fcpSe 
VI 8V AF-GFP^Sal I/NhelTmbTlfiliK LfcMRtM^jte^ S^SJfeVi :7 ^ ^ 
^>h (8294bp) $7'f^-5>a>bT, MS.tJ^l?3i^^^^^l--^®:^^gP&{-E 
GFP5ie^?£itlfeUfcMRt^^^-fe>i$^'rC7^;l/;^^:gy/i^cDNA (pSeVlS+ZA 

MAF-GFP) ^mmvTz. ^^LfcM^^s (RtAj^m'^^M) ^>()vx(Dmm^ 

MSe *^3gt-§'\;PA-mfP@©^(CCre/loxP^^fl^->7. 
xA^fiJfflbfe. ^^v'XT^AaCre DNA U 3i >t':^-— tff-J; Oite^M^M 
#^^1"?>a:5lC^tl'$n;fe>^7X^ HpCALNdLw (Arai. T. et al., J. Virol. 
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72: 1115-1121 (1988)) ^mMhtzhO-V^y). Fge®^;W1-tt (LLC-MK2/ 
F7,«) i^m<DmiZhm>'7.v'J^^mmhX^^^ ai, H.-0. et al., J. Virolo 
gy 74, 6564-6569 (2000), WOOO/70070) , 
(1> M^S:/^7.5H©«I|| 

0 3 4 fcfB«(D7.^-A-eMjieTJi:«:/^XS H (pCALNdLw/M : pCALNdLw©SwaI 
1j--r h izm^MX) ©neomyc 1 nWftitei^^hygromyc i ni&ttjl^ t A 
fco BP^, pCALNdLw/M<&HincIIRtJ^coT22n?»LMilfi^<£-^?:f»f)t (4737bp 
) ^7:ti'u-7.m^^mx^m. ^^•rSA>F^^O{tit, QIAEXII Cel Extra 
ction SystemlfllliRL/fc. mv^iz. rapCALNdLw/M^XhoIT^t^, neoiycinWItit 
e^<^r^*?&Vi»f>T- (5941bp) ?£IhIJR^, j£t3HincIITtJ^bl779bp©ir>T-^lHl 
iRbfeo HygromycinWftjlfi-T-ttpcDNAS. Ihygrcd) (Invitrogen, Groningen, Ne 
therlands) ^7^>yix— h{;:hygro-5' (5' -tctcgagtcgctcggtacgatgaaaaagcctga 
actcaccgcgacgtctgtcgag-3'/ffi^J#-^ : 2 9) RlAygro-3' (5'-aatgcatgatcag 
taaattacaatgaacatcgaaccccagagtcccgcctattcctttgccctcggacgagtgctggggcgtc-3' 
/g2^J#^: 3 0) <0 2m(D'f^-('T-^m^^XKmn^\ QIAquick PCR Purif 

ication mxmui^fzmhomzMcomixmithxmmvrco j:ne>3a©©f 

i^^^-i^—'^ay LpCALNdLw-hygr oM^f^® b tco 
(2> SeV-M (Sm?) Ma<&M»^^-r^^;Wt-»©^a-r:>tJf 
h^>X7x^>'3>fc^iSuperfect Transfection Reagent^fflV>:/D hn— 
MZtAmo-:^mxn^1to mt>&rf(0:^f^^t'Drco LLC-MK2/F7jS8iaS5X10'' ce 
lls/dish-eeOmme^i' — KCjft, lOX FBS^"^trD-MEMlr24litTO«L/fe6 pCALNdL 
w-hygroM©5Mg^FBSRim^tlK^'^S^VM)-MEMlC^f?b (i^»T150A6L) , 
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^ji^^Superfect Transfection Reagent ZOfil^WM. n^W^L^WVlO^m 

tkmvTco nm^. mfus^-^tsd-mmivumavmi^'^. PBs-rini^^LfcLL 

C-MK2/F7m^^:0h7>X7x^'>a>ig^lS^^inL;fe. ZlV. 5% CO, ^> 

IS^fiM^b. 96well7>-h{c:»ells/well©f!lO^ViT^f5b, 150i[ig/mL©h 
ygromycin (Gibco-BRL, Rockville, MD) ^-^tflOX FBSA0©D-MEMT*?l2jSFBHg 
^bfeo #-©m;d^^/£3{>t-Dfc^n->$6weliyi/-h^Tt[S:*cig«L;fco 

<3> SeV-M (RlXF) iia^^S^^-r§^;W1-«^0->CD)||:^ 

5!K FBS<£^MMT#f?LfeCre DNAU n>t:*:^-^f &^3H-§^i5»^M^7x 
(AxCMCre) ^SaitoS©;^^ (Saito. I. et al., Nucl. Acid. Res. 
23, 3816-3821 (1995), Aral, T. et al., J. Virol. 72, 1115-1121 (1998)) 
-em. 0. i. STS^^itTt. 3213^2 HFelig*^, Jg«±m^l^SbPBS T 1 lsli!fe# 

u ±)vxi7u-/'^-rmm^mti^hxmm^m'\sLvrc. iiane$;fcDj:oi/io« 

^T-:/^^ LTSDS-PAGE^ff ofe^, JiMfii^^M bT«0<l 3 RDt4 (^13^09- 
;&feTWes tern-blot ting?:fi=ofc. a->(D^Xiti^mWiB(Dm^M(0^ 
if^-ofchOlzmLX. jKFiii#: (f236 : Segawa. H. et al.. J. Biochein. 123, 10 
64-1072 (1998)) $MbfeWestern-blotting©ig^i:#1i-T03 SfcfBlfeLfc 

o 

m^msev (sevi8+/AM-GFP) (Dwmmt. mmm2 imwto^u-xDwm 

^mi^xmmvrc. mt>. SeVlSVAM-OFPOPO lysate^^^O->(;:^j!jnb, GF 
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Tco LLC-MK2m<^ 5X10' cells/dishfl00ffliD©>^1'-l/»#, imm^mW: 

. fim-ViLcn^m^rimmBPk-^iirc (m. 0.1.2) . aiasjiiiti^'^^j^viMEM 

Tr^^LTc^. •:fy7.^ HpSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEMA, pGEM/F- 
HNRWEM/M$^Wni2/zg, iiig, lug, ^llg, 4Mg5:mMg/dish0*H:T 
Opti-MEMlcM^b. 1/ig DNA/SjLtLffi^roSuperFect trans feet ion reagent<£A 

1<D AraCS.CK7.5/ig/mL©Trypsin^"^trMEM-e^*bfc. 2mm^^^. 8.5X10* 
ceIIs/dishi&;fcOHLLC-MK2/F7/A^aSU. iOne/M AraCiRi;?. 5 /i g/mLOT 
rypsin^-^tfMEMTMfc2BrBl37'CT^*Lfeo ^UyV 
^2inL/dish^^?)© Opti-MEMJClM, <t^g!l!^^ 3 |El^O3i;^LXP0 lysate^ 

sssiLi/Sio -;&xioa©^u->s:24 velI:/^-^^c^#, tatS3>7;i/x>h 

CDNflcAxCANCre^m.o.i. SX^^L. ji^^32'CX2 HTOSLifem^ML 
feo iIO»l'SeV18+/AM-GFP<DP0 Iysate^#200/iL/wellX h 7 >X y'x^ v 
3>b, 40/Ag/inL© kTiCRX/T.itig/mKDTrynsin^^^Jk^^^^tJi^mik^m 
li32'CX««L/fe. #18SOf#62(Z)i^ P->XSeV18+/AM-GFPlCj;SGFP®e©J£7&? 
f9;0^'S^$n;fc (03 6) , miz, #62(D:&x;£;0^D/5^^^<. 
m^mm LTco S WlglCOViXAxCANCre^^Sfr© t)©SLLC-MK2/F7/M62^IB« 

b , mmWiO h coxFRtAige ux § % © ^LLc-mzm/mi/ktm 

mt^ Z.t\Z-r^, LLC-MK2/F7/M62/A^fijffi L.XSeV18+/AM-GFP©il^S:^Mb 
, P2©®^6 H^tC9.5XlO', P40^^5 a^{;:3.7X10' GFP-CIU©'^-l';i/>;.^^ 

, smiW Au-Gmz^\^^xum^^mumm (llc-m2/f7/m62/a) ii^^hy>xiz 
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Z.(D^^ )V7s0^M^(Dmromihnorc. LLC-MK2/F7/M62/A^6well plate 

':7^;i.;;^?5t(5ijR$nfc: (0 3 7) o mimme B^&M^m^-^nxi^^^^^. c 
m^ntzo mt>, ^^}v::K^mu-t^\z\mm5B^-^r<Dmm±mt:mur^ 

SeVlSVAM-GFP©':?^ ;i/Xfie^$RT-PCRl?. l^^' ;i/;^gSSrWes tern-blot t in 

©RNA©laIitXttQIAaiDp Viral RNA Mini Kit (QIAGEN. Bothell, WA) ^f'JfflU, t 
fecDNAiiSSJlThermoscript RT-PCR System (Gibco-BRL, Rockville, MD) ^fijffl 

©y^-fT— h{c^#©random hexamer^^fflU;/co ^Tz. Mfd)^'^(DM 
^Xh^ZLtO^mt-XyX. reverse transcriptaseOD^TlSI'eiRlS^'^fTofco 33 
SLfccDNA^7^>>^l^-htL/TPjie^±©F3593 (5'- ccaatctaccatcagcatcag 
c-3VI3^J#^: 3 1) <i:F3ie^±©R4993 (5'- ttcccttcatcgactatgacc-3V 
iB»-^: 3 2) ©^^'&t>-&t, I^D<P3lfe^±©F3208 (5' - agagaacaagact 
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aaggctacc-3VIH3?iJ##: 3 3) tR4993©^^'&fc-it0 2iaTPCR^ff o)^. SeV 
bp&t^l458bpOiii|i;&s|i^$nfc (S3 8) . reverse transcriptaseilb (RT- 

i^^^m-^ (psevi8+GFP) \t^n^n\mhpRmm\)pfs:<Drm^f)^\izi^^:^it)m 

^estem-\ilottm\Z^r)mBmf)>^(Dmmt:n^rcc SeVlSVAM-CPP. SeV18+/ 

AF-GFPRi;SeV18+GFP^m. o. i. 3TLLC-MK2{C^^L, mm 3 Bmz^m±mtm 

m^mi^L. i§m±mmz.QQ0g-vA5j^m^'i>V'^4JV7.m&^mi^vrco sds-pa 

GE^, Western-Blot ting^fflri, m^i^. tfiFjrii^RDtiCNPSaSr^i^f §DN- 

tltc^ltf)^^. ge<i|j6ie>t>SeV18+/AM-GFP©«l3il?2fe5 2:t:dtj|^§tlfe (0 

3 9) . :i(Dm. SeVm/A¥-G¥?mmmmX\tm&i!)mm-^nt. SeVI8+GFPT? 

itm^tz^xw^ )vxm^mmm^tirco ^r^ mm±m(D^^)]^xmB\z 

MLT«, SeVl8+/AM-GFP{C*3(.iTmP0mS'J*;^^'#a{c:^J>;^<. i^'^iklii^^ 

^m^^i}^W(.^m4^mz^pfsi\i^t^m-^nrco 

[mmm2 5] Mx^mseY(D2'AMiii^i^(D^m\zmT^^mmm^ 

2 4|Bm© J; z> JCSeVlS+ZAM-CFP^m. o. i. 31?LLC-MK2M^b, ^^3 

Bmzi^m±m^mi\sLv. o. 45 a rmoy^ j\^^~^mLrzmi, ooog-x?45^rBi^ 

ii>b. lHlJRb:/c'^^;VX^eSfflViTWestern-bIotting^fTti, ^^M^Z^m 
±m4'(^'>^;U7.ge^^{±lLfCo OTtLTSeVlSVAF-GFP^I^UKc^^bT 
fSM L tz-^ y S^^ffl L fe, ^n-€^n0?g-|l?m^J^f^m bWes t em-b 1 0 1 1 i ng^ 
frViDN-m^ (^fcNPSe^i^) -e^^fflbfe. SeV18+/AM-GFP^^)g|g±mi»© 
C7 ^ Jl'T^ «SeVl 8+/ A F-GFPJi^«0 1> 00Ta5 ^ <h^JI^$ tXfc (g| 

4 0) o ^fc, llIU->^;i/©HAfiH4liSeV18+/AF-GFP (64 HAD) 75:a)lC^LSeV18 
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+/AM-GFP «2 HAU) T^ofc. 
nM^^n^Ummzn^Tco Wt>. SeV18+/AM-TGFP^in.o.i.3TLLC-MK2M 

xmmmm^om® t ^ ^um^^m^ t tern, sevi 8V am-gfpsms&t m 
^4B'^umm^i)^f3:mmm^mmmLx^r) m4 2) . Mm^(D±mtry 
^Mzmmt^(Dx\m<. mmmwizf^-^Lxi^^^m^^m 

mbxi^^^MmBiz^^mm^taxi^^^mm-^m^^t^m^nrco mjc, mm 

5B'^(0mm±mz-D\f^X. ;^5":t~y^UJl^y-ATa&SDosper Liposoial Tr 
ansfection Reagent (Roche, Basel, Switzerland) ^^l/'^X^B.VfCo IP'fe, @ 
*±?ilOOMLa:Dosper 12.5 (il^U'^L^i^X 10 j^ikWWi. 6 well:/!/- hiin 

>yjvjL>h\zmmLrciic-m2mmiz h ^^x^x^s^a >L;to 2 a^tc^^ 

®m^T^?m^L:fc0f^ -«tBmi^O#«ErsSeV18+/AF-GFPIi^i^liS©«3l 
±?fTfi, #<©GFP|i14m*?m^$n'5©(C^L, SeV18+/AM-GFP^^«© 
JS«±ttT«GFP««M;{/HC«#^Eb&7&^5&£m«$n?idiofc (04 3) 

mmm 2 e ] FRmmii^^mseV(D'y^}vxnm^ 

FJttAl^^MSeV (SeV18+/AMAF-GFP) ©S^S^ti. IIJgfll2 2fBmoSeV18+/ 
d.U-GF?<Dnm^tmm<D:Bf^xn':>rc. mt>. LLC-MK2ifflliS$ 5x10* cells/dls 
mOOm<Di^^—U\zm^. 2mm^m^. PLWUV-VacTT^^ia-ril^rB^^^^ii 

fc (m.0.1.2) . mm^M^^^fsi^^imx^^iyrcWi. y^xa hpsbvis+zam 

AF-GFP, pGEM/NP. pGEM/P, pGEM/L, ' pGEM/F-HNS:t;pGEM/M*^tl^ni2/ig. 4^ 
g. 2j[ig, 4/ig. 4MgR<y^/tig/'dish©ait"r0pti-MEMtcML, lAtg DNA/5/iL 
ffi^cDSuperFect transfection reagent ^Anx^-^L, ^UXIB^WM'^. 
m^ti^iZZ% FBS^-^tJOpti-MEM 3mL{CAn, miC^iPLT^^Lfc. Si^PeH^* 
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^jfil?f*"^^;5:ViMEMT2|EliSfe#U, 40Aig/mL© AraCS:tJJ7. 5/ig/inL©Trypsin§ 
-^MMT^^L/Zco 2mm^m^. S.SXIO* ceIls/(iish*;S:D{c:LLC-MK2/F7/M 
62/A$a«L, 40Aig/iiiLO AraCS.i;7.5Mg/mL©Trypsin^'^tfMEMTMt::2BFB^3 
TrT^^bfe. ZiniE>(Dm9^^mUh. ^U-; hS:2iDL/dish*fcO© Opti-MEM 
ICM, ^igSll^^3MD3g;lbTP0 lysate^^iS^tfeo -;^TLLC-MK2/F7/M 

LtcmS^^^Whrco Z.(DmM\ZSmSW MiA¥-Q¥¥(D?0 lysate$r6-200/iL/welI 

l?h^>X7x^'>a>L/, 4O/ig/inL0 AraCJ^m. Sjiig/mLCOTrypsin^^^jfiltt 

nfco *fc> piT%>*^tciivi?s:}iit&j£*^*o*^tis^$nfe (04 4) » uj&^t, 

MffinTfii;^:^#^^?:r'^^ LX\tmm-V^f3:t^-orco LLC-MK2/F7/M62/ 

AHSeV18+/AF-GFP^ViHSeV18+/AM-GFP^^^$#fcii^, M^:?^ Jl^XO^l-^T 
GFP^ft«©Jli^:^J[2:d^Dd^'m^$nrc m4S) « F/ilM^^m (LLC-MK2/F 
7/M62/A) ^fflVi, SeV18+/AF-GFP^fcttSeV18+/AM-GFP<£)n.o.i. 0.5 T^^^ 
, 3 B^W6 S^H-y->yU>^b. l/6.5^©7.5« BSA^^g^b 1« 

^^m^Tct,!^. SeV18+/AF-GFPT?10» GFP-CIU/inL£;l±, SeV18+/AM-GFP"T?10' 



SeV18+/AF-GFP 1.0X10' 1.7X10« 
SeV18+/AM-GFP 1.0X10' 3.6X10' GFP-CIU/iL 
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LLC-MK2/F7/M62/A©M/F^^A;W\-«^fiJfflL;t^^, M/FM^^^SeV (Se 
V18+/AMAF-GFP) <D^ ^ )V7sm.^itmUlii^Ui>^'Drco Vti^V. F^^MSeV (Se 
V18+/AF-GFP) J&mX^mSeV (SeV18+/AM-GFP) ©M#Of|^fK • 

T $) -p e: t , m^)vn-mm \zmm b fcc r e/ 1 oxp^^ms 7> x a 

Vi§±l3LLC-MK2/F7/M62iijig2:fiJffl vT^xATCDMS.D^l'jie^ 
©mX^fr^ei-hiibfc. mU, FSfe^^Al^fcMfflbfcpCALNdLw/Fttneomyc 
iii»14jie^*Wb, m^'^mxmz^m LfcpCALNdLw/hygroMtthygromycinB 

IfZfeO, ^rm4 6 {3t3«©7.+-ATFjtfi^^^^y^7.5 F (pCALNdLw/F : pC 
ALNdLw©SwaI1j--r hfCMjt^^^^A) ©neomycinB&ttJtfe^^lrzeociiiji&ttae^^lc: 
m^^^fco mt>. pCALNdLw/F^SpeIRt)fEcoT22ITM<libF»e^<&^£r»f>T- (5 

477bp) ^T^a-xmmmx'^m^ mmr^A>}^^m^iiiv. qiaexii oei 

Extraction SystemTlEliRLi^o Mf^iZ. l^pCALNdLw/F<£XhoIlf^»f> neomycin^ 
ttS^^^-^^fiVi^rM- (6663bp) ^tIhIJR^, JEfCSpeIT^®rbl761bp®ir>T-^ 
[H'Kbfeo Zeocinl&tt51'^^f^PcDNA3. lZeo(+) (Invitrogen, Groningen, Nether 
lands)' ^x>:/l/— hJCzeo-5' (5' - TCTCGAG TCGCTCGGTACGatggccaagttgaccagtg 
ccgttccggtgctcac-3VSaa^J#^: 3 4) RlSzeo-Z' (5'- AATGCATG ATCAGTAAATTA 
CAATGAACATCGAACCCCAGAGTCCCGC t c ag t cc t gc t c c t cggc c acgaag t gc ac gc ag 1 1 g-3' /IB 
^J#-^: 3 5) (0 2®CD7'7<'7— SrfflViTPCR^ffV^ QIAquick PGR Purificat 
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^-1''Jr—>3>bpCALNdLw-zeoF<£f^Mbfeo ^^iCXhoI fragments ^MJttit^ 

<2> ^)l'n-mm(Di;a-->'^ 
h7>^7x^>'3>f*?tLipofectAMINE PLUS reagent (Invitrogen, Groning 
en, Netherlands) ^ffiVi7°o hn-;i.t|B«©;^j*Tff t^;^, IP'SOT0:*^j*Sr 
t-otco LLC-MK2/F7/M62M^5xlO'' cells/dishT60in]n'>^-l^l;ifil#. lOili FBS 
^'^tfD-MEMT24I^PBl^* bfc. pCALNdLw-zeoFRt;pCALNdLw-zeoMa)-^n¥ni g 

(tf2//g) ^FBSRDCJi^tiS^^*?^(.iD-MEM{C«b (m»T242ML) , ii# 
mipofectAMINE PLUS reagent Bul^^iB. n^W^L^mXimmimLfco 
Mm^> ^je)LipofectAMINE reagent 12ML^FBSB:rX$T:4i^®$^S:^ViD-MBM{C 

(^mtzsoml) miuL^ux'i^^mwcmvrco nmm. fbsrcx 

M^«^K^"tS75:ViD-MEM^2inL^JnL.^^, PBSTl lel^fe#LfcLLC-MK2/F7/M62 

^-t3^Fb1^«^, hy>xyx.^i^3>m'tm^m^'r^^t^<. 203; fbs 

^^tfD-MEM^2.5iDL^inb24ieFFBii§*bfc. h u :::^'»-em^^;0^b 

^ men1fU-h\zmBcens/veimvm2iceUsMU(DmX)'^^^X^Mh. 500 
Mg/mLOzeocin (Gibco-BRL, Rockville, MD) ^"^tsm FBSA 0 ©D-MEMTl?! 2 

# e> n;fe98^ □ - > V^T. a ©Ig^S *Wes t ern-b 1 o 1 1 i ngT 

Xy^J^^)\^7. (AxCmre) ^Saito6(D:^^ (Saito. 1. et al., Nucl. Acid 
. Res. 23. 3816-3821 (1995). Arai, L et al., J. Virol. 72. 1I15-1I21 (19 

98)) TMoi 5T*sm^-&;feo i2X)X' 2 Bfmm^. mm±m^^^vm xim 
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/m^T-f^-iLrSdS-thGE^n^Tcm. mm^RZSmmi^ (f236 : Segawa. H 
. et al., J. Biochem. 123, 1064-1072 (1998)) ^?«JfflbTWestern- blotting 
^n-Dtc. Mlxfe*?J98^P->®4'09i7D->JcoViT®3Sm*®4 7tC^L 

[*jS0ij2 8] mm!K^m.^e^o>^^)V7>.nm^ (.2) 

M/FM^^SSeV (SeV18+/AMAF-GFP) (Dimmt. IIM2 7ffi«©^P-> 
(Dmm^m^Xm^Ltzo IIJ-S, M/FM^^MSeVS^figOPO lysate (h^>X>' 

-ofz, po iystite<Dmm\tmi^m2tzmm<D-:^m\zm^u'r(D^o\zfT':>rz<, llc- 

MK2«^ 5x10" cells/dish7?100iBi©>'i'-^tCji#, 2mm^m^. PLWUV-Va 

cTi^^uximmmm-^'tirc mi 2) . mm^M.m^^^fs.\^mwi:mwvrc^ 

, HpSeV18+/AMAF-GFP, pGEM/NP, pGBM/P, pGEMA. pGEM/F-HNRCJfpGE 

M/M^^n-^ni2Mg, 4itig. 2jtig, 4jUg, 4AtgSt)^4j!/g/dish©»itT0pti-MEM 
fciML, lAtg DNA/5jLiLffi^(Z)SuDerFect transfection reagent ^AtlTM^ 
^iaX'lS^J-PBmgm, ;S^65(C3« FBS^-^tfOpti-MEM 3wL\ZXn. MMizm 

mLxmmv-t. m^mm^Mm^'k^fsii^muxzm^^v, iouLg/joio Arac 

'Rm.Bfig/mLOlTYPsin^^tjmUXmmVTzo 24P#TO«^, 8.5x10' cells/d 
ish^^fcD{3LLC-MK2/F7/A^aSL. 4G/ig/inLO AraCW7.5Mg/iiiL©Trypsin$ 
■^tfMEMTS(C2BFBl37'C-e^*L:/to ^MommtimUL. ^Uyh^2mL/i 
ish^ftrXD Opti-MEM»C5iM. <t^i!!^^ 3 m^Djg^lxTPO lysate^liSL/i^!: 

o -'■:^rmrc\z^u-->^Lrcmm^2^ yieii-fu-hizm^. ima^yjuj^. 
>h©i^fc:AxcANCre*Moi STS^L, mm^z2vx 2 Bm^^vTzmm'tmmh 

tco J:©mfCSeV18+/AMAF-GFP©P0 lysate2r#200/zL/well-Zr h^>::^:7xi7 
>'3>L/. AQ{j.g/mL(D AraCJ^m. B/zg/mL^Trypsin^-a-^jfiltf ^^^;^ViMEM^ 
ffiVi32'C-eigj|bfco Mb;fc4'O20i>p->'lc:-:pViT. GB?^'^<ojj:i)^Kii)M^ 
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^mbtc^^ (04 8) , mz. ^a->m aLC-MK2/F7/M62/#33) mtpZ (BR 
hX4^^ ^tm^^Mo LLC-MK2/F7/M62 (DmjS^ (CMSrA? M® 
tiZfSi^o M$itVX. LLC-MK2/F7/M62m©l^;^T?. ^l^mtl^X\mn\Z0k 

mmm 2 9 j mmx^msem ^ ^ }V7.±m^ 

^(D'^yf )V:^<D±mi&<DmX'<D^nhff-Drco LLC-MK2/F7/M62/#33<&6well pla 

teizmmivx^mbrzo mt3>yAj:>h<D'ii^mxAxcmcTe^mi ^xmmi^ 

(LLC-MK2/F7/M62/#33/A) , mmmd2VX 2 BfmmmLrco ^05^, SeV18+/AM 

AF-GFPs-Moi o.5T^ifeL, im&i\z^m±m^mj\sLLmftfs,i!^m^mmvtco 
muhrc±m\z-o\,^xmtm^i^tbrco mmzB^&M. mmvxio' cium 
u±(D^^ )vxf)mu-^nrc (049) . ^jt, mtMmmti!)V'^^u)vx^ 

immm 3 0 1 m/fm^^^scv® ^ jv^^mmmm 

SeV18+/AMAF-GFP©^7^;i/Xae'?'£RT-PCRT, Jl/XMS^Western-blo 
ttingT?S^L;/S:o RT-PCRJ*P2®^^ 5 B S (P2d5) 0^ ^ }V7.^mmvrco 
;i';^^?i^75ie)ORNA©I5ITOQIAaip Viral RNA Mini Kit (QIAGEN. Bothell, WA) 
^fijffib, *;tcDNAIS^;O^^RT-PCRttSuperScript One-Step RT-PCR System (Gib 
co-BRL. Rocicville, MD) SffJfflL/T. mi^X7-J^th\zmH<Dyn hzi-Mzm 
ifeO:&j*T.ffo;S:c cdMmM:8irMT-?Cm:f7^-^-tVX. Pji'^^±©F3208 
(5'-agagaacaagactaaggctacc-3VI2^J#-^ : 3 3) ,i:GFPjife^±©GFP-RV (5 
'-cagatgaacttcagggtcagcttg-3VE^J#-^ : 3 6) , RXfmmOi tm^&^± 
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ODR6823 (5'-tgggtgaatgagagaatcagc-3ViB^J##: 3 7) <DU^^t>^(D2m 

xm.mfi^^-^ti^n^iihpMSmiwmf^i^M^'^tifc mso) o *fc. sevi 

8+/ AM-GFPSrXSeVl 8+/ A F-GFP*i e>iiS Ufc ©Ttt, ^n^tll^m^n^i^^ 
^ (Dm^^(Dmf^i)^^^^tl. BJ & iCSeVl 8+/ A M A F-GFP:^^ <E>(Dh(Dtiti^^-^ 

' Western-blot tingllJ;DSe»?> ®5iE^fToyco SeV18+/AMAF-GFP, SeVl 
8+/AM-GFP, SeV18+/AF-GFPSLtKSeV18+GFP^M0I 3-eLLC-MK2{::^^b, ^^2 0 
WzMM^mUl^fto SDS-PAGE^> Western-Blotting&ffVi, titMfii^^, $tF^# 
Sit/^lCNPae^^i^T^DN-lJri^^ (y\iy h-^^J !7 U-i-)V) T^aibfeo ^ 
Sg^ll 3 J^XSmmm 4 lcEm©;^^Tff o fco SeV18+/ am AF-GFP^^mXiiMM 

BikxMmB thizmm-^rvnumm-^nrc ct-fi^ib. gsM*^ 5 'tsevisvAM 
A?-G¥?<Dmmr$>^zti}mmtnrz msi) . ci^iiF, sevi8+/AF-GFP^^ 
m^rmmm^mm^n-r. sevi8+/AM-GFP®sfe«Tt*Msa*WJi$n-r. s 

eV18+GFPT«^^/S:^T(^)r>>f;i/XgaK:6^m«!l^nfco 

immm 3 1 ] M/PM^^Msev© 2 ^jsmi^^ ®w«ii-M-r 

I^HI^^mii^WJ^fT-^^o gp-^, SeV18+/AMAF-GFPSM0I 3-eLLC-MK2t^ 

SeV18+/AM-GFP(5!):l'&<i:|wlC<, '^7^' ;VX«|A°— r-T ^JK^lSETSOT^ 

ij3jKy— AT^SDosper Liposomal Transfection Reagent (Roche, Basel, Swit 
zerland) ^ffiV^T^^SEb^o i§«±miOOjtiLi:Dosper 12. S/iL^g-^b^ 

STl 0^)-SScS^> 6 we 1 1 h n > 7 ;i>X > h lcig« L tcUXrWmM^ ^ ^ 
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^ n S © IC^ U > SeVl 8+/ A M A F-GFPSmiBJ5g ©i§«±m5&^ & ® % «GFP 

mm&mmmm-^nuif^'otc (053) . £ii±©igmj;D> sevisvAMAF-c 
iMmm3 2'] wmx^mseymM!K^msey(D^^)v?.mM^nm (mvitr 

0) 

o 

o fl&>g©^g|5©^^S:imM#^INOX5tf>-fe:^y h-e^#, B^W^. 35min 

tt, i!^3^S:t!>-fey h"eo*^TI^#. Ml^*tf>-fe>y hT 

HcA*, ^M^X^lCT/h>T-tcL, Umm>b^\zM^tco 0. 3mg papain/mLlC 

m strainer^au. ^'bKJ^Vmm^Mi^rc^. i^^}«)^lctf^-/x^ >if 
ti^niy. «©fh^^ffofco poly-L-lysine (PLL) coated 24 well platelC2 
xlO'^V^mxlO* cellsAeilTm^Siab. 2 smzlL/mX^m^ey (SeV18V 
AMAF-GFP) RtAJ^^SSeV (SeV18+/AM-GFP) SlJlS^Ufeo !i^36hr^ 

fc»SliJiM!i#m6<)'7-:^j-T^§MAP2lr^«^^ff Vi, GFPSIMjiS (SeV^^ 
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^mi% parafomaldehyde-eiJISSrg^L/, PBSTife^^^ 2!»!©noriDal goat serum 
2r^tfPBS^?g<£fflViT^iaif60^J'FBlBlocking^ffo;^c, 1/200 (C^SiUfcAnti -MA 
P2fii«: (Sigma. St. Louis. MO) ^ZlWZQ^f^EJl^U FBSTtJfe^t^, l/200fC^ 
Mhfz—^l^i^ (goat anti louse IgG Alexa568 : Molecular Probes Inc., Euge 
ne. OR) ^ZTCCiO^mRf^VTco PBSTife^^, ^^mWI^ (JM IRB-SLR : Leic 
a. Wetzlar. Germany) T. i9Hia©^3ie^m^L/fe. 
mmiR^^mSeV (SeVlS+ZAMAF-CPP) RlAl^^^SeV (SeV18+/AM-GFP) ®M 

#ic*3(.iT> MAP2^^±«©^a^:^^>'GFP(cli^4-^^•^7t (054) » iij-s. p 
!itfe#JgiMllS©^5<i:^^©iiBjfe7?^^WKSeV/&«^i^UT^5 0 . mmx^msev 

o 

[|liS^!l3 3] M/FM:>:^MSeV&rAi^^^SeV©':7-i';i/X^^tgM (in vivo 

) 

in vivoT(D^^Bg$|ftib;fe„ M/FM^^MSeV (SeV18+/AMAF-GFP) RZMX 
^mSeY (SeV18+/AM-GFP) SjtiL (IXIO" p. f.u./ml) ^X:h^X^®&«!ltggiC 

SLfc, mytrnMrnrrmmv. GFP^^^tst^tcto^^cDWii^MSurc, m/ 

FMjJ^^MSeV (SeV18+/AMAF-GFP) ^ZMX^MSeV (SeV18+/AM-GFP) (DM^iZ 
SeV18+GFP) mnm^m^) RTSBX^m^eV (SeV18+/AF-GFP) iZ^Dl^^xm^iZ 
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®#faB1-<i:, CV-Iillia^(^iJiHeLatt£2.5xlO* cells/well (100/tL/well 

) T96wen 9\iite\zm^^mvrco mmz\mmmthizm m^tt^mMm 

mLTc. 2imm^m^. \% BSh^^tsm-V^^LtzSeymQ??, SeV18+/AF-GFP, 
SeVl 8+/ A M-GFP^ USeVl 8+/ A M A F-GFP^^S:5 u L/we 1 1 Tj^Jn L^^$ ii, 6 

3 0^{cHSIt±MS:i^>:/U Cytotoxicity Detection Kit (Roche. Base 

1, Switzerland) ^fOTbTKitmB«©^?*tt»e-pTW(i^140€fi^fTofc 

. mmseytttm-^t. m^^mm^'f^x^r^^tr (scvisvaf-cfps 

IJCSeV18+/AM-GFPl;i:feViT) D > Z.(DmiK^^^S.^'^t>'^ 

^Z.tr (SeV18+/AMAF-GFPJC:feViT) ffi»tCf^ffi b J: 
Tc (05 6) . 

&s±(D^^\z. :^mmmiz:id^>xi^tbxnmmzm^hft wm^^msev^ 
t/uam^b. ^izmmmit(Dmmbrcmmm^m^'F-mx<^i5^-v^ 

^^juxit. jt{K^«Aiffl»e.2^m (vLPSttH) izjz^mmmm'^^mmm 
tmm^n^tc^^ m^\zni'Xwmm(o^>m^mB,fMx^^ ^-thx^m 

Xh^o mz:^m^\z^Ki^^-^n^<if^-\t. in vivo ^iiU ex vivo \Z^ 

n^mB.=f^Wi^^i'^'-tL\^xm^immi)mm^M. 
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1. (.-)mmK^^)vx^^^-(DmFf'm^^^^^r^:^mx'^ox. ^^^^ 

o 
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10. umm^^^m&^i}^. ±>:$^^^-( )v^umBm(DG69s me. ^xzs 
^tinomji^om^mzm^jLi^nrcM^i^i!)mM-r?>^^rxmmji^^'ti:^ 

13. iaS^^tt^SHNAfei^^i)?, -b:>^-r'>^';P;^HNMaH(3DA262, G264, ^ 
^ZMASli)^^:/3:^U^0MU-^n^'PU<thl-o<D75.yil^^mzm^'r^7 

^y^f)^m07^/mzmm-^nrc{-mmh^^)v>^wm:an^n-vr^M^ 
ffi^Ts(-)^RNA':7^';i/XLgeK©7^^m^<&>&^fl&cDT$ymtg^$nfe 



wo 03/025570 



106 



PCT/JP02/09558 



18. (-)^RNA^^;i';^dVt75t^y'>^;vx-e*§> ^^^f ij^^e,! yov^-f 

o 

As^T^fcM^ Lfcm^^m;^ (-) w*:? 

2 2. TIB (a) (d) ^^6f3i^mJ;:K>m^^n^{}>fSi< lO(D^n^ 

mt^m.^m^ (-) ma^7 ^ jvt^o 

NMa«OA262. G264, :h^mmi!)^^f3i^mJ^K>M^-^n^'PfSi< thl-DO^T 

mBn<Dmi97^^w^rzmim(D7^ym^^^^ (-) ota^^ w ;i/:^m^ 
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2 3. ^pfs.<th (a) ^^Xf (b) ©ftSSrW-rs, »^:^2 2 JClBI^®'?^ 
2 4. i>;5:<<i:t) (c) id) ®feS&Wr2>, M^?|2 2 fclHiic©':?^ 

2 5. (a) (d) ©^TOttK^WT^, m:^m2 2\zmm.(D^ ^ )V7.. 

28. i-)mWk'y-(}V7si)V'^yB,i;V^-[)V7.1!^^. tt^:^ 2 1 d^e> 2 7 ©V^ 

s> mim 2 1 e> 3 0 ©i/^f n7&>ic^m©m^^;i'? ;vxo 

3 2. ik^'i'mAizm>x^^)V7,^mxvrcmm^^<D^4)vxim.'f- (vlp) 
©:^m^«iM-r§^8?)Mi^^§, tt*:«2 i/5^e.3 i©vifn7&^tcfB«©m*m 

3 3. il^]S2 l;&>e.3 2©lriTn;6i{C|3i^©m*JfeA5'^>X^10« CWM 
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<211> 10 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 1 

ctttcaccct 10 

<210> 2 
<2I1> 15 
<2I2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 2 

tttttcttac tacgg 15 

<210> 3 
<211> 18 
<212> DNA 

<2I3> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 3 

cggccgcaga tcttcacg 18 

<210> 4 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 4 

gaaacaaaca accaatctag agagcgtatc tgacttgac 39 

<210> 5 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 5 

gtcaagtcag atacgctctc tagattggtt gtttgtttc 

<210> 6 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 6 

attacggtga ggagggctgt tcgagcagga g 

<210> 7 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 7 
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ctcctgctcg aacagccctc ctcaccgtaa t 

<210> 8 
<211> 33 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 8 

ggggcaatca ccatatccaa gatcccaaag acc 

<2I0> 9 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 9 

ggtctttggg atcttggata tggtgattgc ccc 
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<210> 10 
<211> 37 
<212> DM 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 10 

catgctctgt ggtgacaacc cggactaggg gttatca 37 

<210> II 
<211> 37 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 11 

tgataacccc tagtccgggt tgtcaccaca gagcatg 37 
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<211> 41 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 12 

cttgtctaga ccaggaaatg aagagtgcaa ttggtacaat a 

<210> 13 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 13 

tattgtacca attgcactct tcatttcctg gtctagacaa g 

<210> 14 
<2I1> 13 

<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 14 

Met Ala Asp lie Tyr Arg Phe Pro Lys Phe Ser Tyr Glu 
1 5 10 



<210> 15 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 15 

Leu Arg Thr Gly Pro Asp Lys Lys Ala He Pro His 
1 5 10 
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<211> 13 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 16 

Asn Val Val Ala Lys Asn He Gly Arg lie Arg Lys Leu 
1 5 10 

<210> 17 
<211> 34 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 17 

tcgacaccag gtatttaaat taattaatcg cgag 34 

<210> 18 
<211> 34 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

ctagctcgcg attaattaat ttaaatacct ggtg 

<210> 19 
<211> 39 
<212> DNA 

<213> Artificial Sequence 



34 



<220> 

<223> Description of Artificial Sequence: artificially 

synthesized sequence 

<400> 19 

gttctatctt cctgactcta tagacctgga cacgcttac 39 

<210> 20 
<2ll> 39 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

gtaagcgtgt ccaggtctat agagtcagga agatagaac 39 

<210> 21 
<2I1> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

ctacctattg agccccttag ttgacgaaga taaagatagg eta 43 

<210> 22 
<211> 43 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

lagcctatct ttatcttcgt caactaaggg gctcaatagg tag 43 

<210> 23 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 23 

caagataatc gatcaggtaa agagagtaga gtctctggga g 41 

<2I0> 24 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 24 

ctcccagaga ctctactctc tttacctgat cgattatctt g 41 

<210> 25 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ctcaaacgca tcacgtctct ttccctccaa agagaagc 38 

<210> 26 

<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 26 
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gcttctcttt ggagggaaag agacgtgatg cgtttgag 38 

<2I0> 27 
<21l> 48 

<212> DNA 

<2]3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 27 

agagtcactg accaactaga tcgtgcacga ggcatcctac catcctca 48 

<210> 28 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

tgaggatggt aggatgcctc gtgcacgatc tagttggtca gtgactct 48 
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<210> 29 

<211> 55 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 29 

tctcgagtcg ctcggtacga tgaaaaagcc tgaactcacc gcgacgtctg tcgag 55 

<210> 30 
<211> 83 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 30 

aatgcatgat cagtaaatta caatgaacat cgaaccccag agtcccgcct attcctttgc 60 
cctcggacga gtgctggggc gtc 83 



<210> 31 
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<211> 22 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

ccaatctacc atcagcatca gc 

<210> 32 
<211> 21 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 32 

ttcccttcat cgactatgac c 

<210> 33 

<211> 22 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 33 

agagaacaag actaaggcta cc 22 

<210> 34 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

tctcgagtcg ctcggtacga tggccaaglt gaccagtgcc gttccggtgc tcac 54 

<2I0> 35 
<211> 85 
<212> DNA 

<213>"Artif icial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 35 

aatgcatgat cagtaaatta caatgaacat cgaaccccag agtcccgctc agtcctgctc 60 
ctcggccacg aagtgcacgc agttg 85 

<210> 36 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

cagatgaact tcagggtcag cttg 24 

<210> 37 
<211> 21 
<2I2> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 

synthesized sequence 

<400> 37 

tgggtgaatg agagaatcag c 21 

<210> 38 

<211> 16 

<212> PRT 

<213> Sendai virus 

<400> 38 

Lys Ala Cys Thr Asp Leu Arg He Thr Val Arg Arg Thr Val Arg Ala 
15 10 15 
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DESCRIPTION 

METHODS FOR TESTING AND PRODUCING (-) -STRAND RNA VIRUS VECTORS WITH 
REDUCED PARTICLE FORMATION ABILITY 

5 

Technical Field 

The present invention relates to methods for testing and 
producing (-) strand RNA viral vectors in which particle formation 
ability has been reduced or eliminated. 

10 

Background Art 

In recent years, the development of genetic recombination 
technology for (-) strand RNA viruses, such as the Sendai virus (SeV) , 
has seen their enhanced use as gene transfer vectors (WOOO/70055 and 

15 WOOO/70070) . However, a problem with these vectors is the secondary 
release of viruses from target cells, following vector introduction. 
Virions form in the cells infected with replicative viruses, and 
daughter viruses are then released. Virus-like particles (VLPs) have 
also been found to be released from cells in which F-deficient 

20 non-replicative SeV has been introduced, and such. Thus, development 
of viral vectors that do not produce VLPs is desired. 

Disclosure of the Invention 

The present invention provides methods for testing and producing 
25 (-) strand RNA viral vectors in which particle formation ability has 

been reduced or eliminated. 

Matrix (M) protein has been reported to play a central role in 

virion formation in the Sendai virus (SeV) and other (-) strand RNA 

viruses. For example, it has been found that over expression of the 
30 M protein of vesicular stomatitis virus (VSV) causes the budding of 

VLPs (Justice, P. A. et ai., J. Virol. 69; 3156-3160 (1995)). 

Parainfluenza virus VLP formation is also reported to occur on mere 

overexpression of M protein (Coronel, E.C. et ai., J. Virol. 73; 

7035-7038 (1999)). While this kind of VLP formation, caused by M 
35 protein alone, is not observed in all (-) strand RNA viruses, M protein 

can be recognized as a virion formation core, shared by all (-) strand 




RNA viruses (Garoff, H. et al,, Microbiol. Mol. Biol. Rev. 62; 
1171-1190 (1998) ) . 

The specific role of M protein in virion formation is summarized 
as follows: Virions are formed in so-called lipid rafts on the cell 
5 membrane (Simons, K. andlkonen, E. Nature 387; 569-572 (1997)) . These 
were originally identified as lipid fractions that were insoluble 
with non-ionic detergents such as Triton X-100 (Brown, D.A. and Rose, 
J.K. Cell 68; 533-544 (1992)). Virion formation in lipid rafts has 
been demonstrated for the influenza virus (Ali, A. et ai., J. Virol. 

10 74; 8709-8719 (2000)), measles virus (MeV; Manie, S.N. et al., J. 
Virol. 74; 305-311 (2000)), SeV (Ali, A. and Nayak, D.P. Virology 
27 6; 289-303 (2000) ) , and others. At these lipid raft sites, M protein 
enhances virion formation, concentrating envelope proteins (also 
referred to as spike proteins) and ribonucleoprotein (RNP) . In other 

15 words, M protein may function as a driving force for virus assembly 
and budding (Cathomen, T. et al., EMBO J. 17; 3899-3908 (1998), 
Mebatsion, T. et al. , J. Virol. 73; 242-250 (1999) ) . In fact, M protein 
has been revealed to bind to the cytoplasmic tail of influenza virus 
spike proteins and so on (Zhang, J. et al., J. Virol. 74; 4634-4644 

20 (2000)), SeV (Sanderson, CM. etal., J. Virol. 67; 651-663 (1993)). 
It also binds with the RNP of the influenza virus (Ruigrok, R.W. et 
al., Virology 173; 311-316 (1989)), parainfluenza virus, SeV (Coronel, 
E.G. et al. , J. Virol. 75; 1117-1123 (2001) ) , etc. Further, M proteins 
have been reported to form oligomers with themselves in the case of 

25 SeV (Heggeness, M.H. etai., Proc. Natl. Acad. Sci. USA 79; 6232-6236 " 
(1982) and vesicular stomatitis virus, etc (VSV; Gaudin, Y. et al., 
Virology 206; 28-37 (1995), Gaudin, Y. et ai., J. Mol. Biol. 274; 
816-825 (1997)). Thus, due to the capacity of many of these virus 
components to bind to lipids, M protein can function as the driving 

30 force for virus assembly and budding. 

Based on these findings, the present inventors thought they 
should focus on M protein for modifications aiming to suppress 
secondary particle (VLP) release. In addition, some reports suggest 
that envelope protein (spike protein) modification may also suppress 

35 VLP release. The following experimental examples are specific 
reports in which virion formation was actually suppressed: G protein 
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deficiency in rabies virus (RV) resulted in a 1/30 reduction of VLP 
formation (Mebatsion, T. et al., Cell 84; 941-951 (1996)). When M 
protein was deficient, this level dropped to 1/500,000 or less 
(Mebatsion, T. etaJ., J. Virol. 73; 242-250 (1999)). Further, in 
5 the case of the measles virus (MeV) , cell-to-cell fusion was enhanced 
whenMprotein was deficient (Cathomen, T. etai., EMBOJ. 17; 3899-3908 
(1998) ) . This can be assumed to result from the suppression of virion 
formation. In addition, similar fusion enhancement arose with 
mutations in the cytoplasmic tail of F or H protein (the tail on the 

10 cytoplasmic side) (Cathomen, T. etal., J. Virol. 72; 1224-1234 (1998) ) . 
Specifically, the following has also been clarified with regards to 
SeV: When SeV proteins F and HN are on secretory pathways (specifically, 
when they are located in Golgi bodies, etc.), the cytoplasmic tails 
(of F and HN proteins) bind with M protein (Sanderson, CM. et al., 

15 J. Virol. 67; 651-663 (1993), Sanderson, CM. et al., J. Virol. 68; 
69-76 (1994)) . The present inventors assumed that this binding was 
important for the efficient transfer of M protein to cell membrane 
lipid rafts, where virions are formed. M protein was thought to bind 
to F and HN proteins in the cytoplasm, and as a result to be transferred 

20 to the cell membrane via F and HN protein secretory pathways. 

The present inventors thought that deletion of this ^core' M 
protein would be the most effective way to carry out modifications 
aiming to suppress secondary particle release, namely, VLP release. 
However if the modified virus is to be used industrially, for example 

25 in gene therapy, then the process of virus production must be 
considered. As described above, obtaining a high titer virus is 
difficult using previously reported RV and MeV systems, namely, 
systems where expression is induced by vaccinia virus (VV) -driven 
T7 polymerase (Mebatsion, T. et ai., J. Virol. 73; 242-250 (1999); 

30 Cathomen, T. etal., EMBOJ. 17; 3899-3908 (1998)). VV used to induce 
expression will inevitably contaminate prepared solutions of 
M-deficient virus. Thus, production of a practically applicable 
virus is difficult. 

Effective methods other than the M protein deletion method 

35 include deletion of F and HN proteins, which are considered to play 
roles in the transfer of M protein to cell membrane lipid rafts; or 
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a method in which mutations are introduced to delete only the 
cytoplasmic tails of these proteins. However, some reports describe 
the presence of many VLPs, particularly in the cases of F-deficient 
(WOOO/70070) and HN-def icient SeV (Strieker, R. and Roux, L., J. Gen. 
5 Virol. 72; 1703-1707 (1991)) . Thus this method is not thought to be 
effective. So far, with the exception of the cytoplasmic tail, spike 
protein regions expected to affect VLP formation have not been 
identified. Similarly, M protein regions definitely expected to 
affect VLP formation have not been identified. Further, virus 

10 production for industrial application should be considered, and the 
design of such is not simple. 

To solve the problem of constructing vectors with suppressed 
VLP release, the present inventors considered the use of 
temperature-sensitive mutations in the viral gene. Mutant viral 

15 strains that can be grown at low but not high temperatures have been 
reported. The present inventors conceived that a mutant protein in 
which virion formation is suppressed at high temperature, 
particularly a mutant M or spike protein, could be used to suppress 
VLP formation in such a way that virus production could be carried 

20 out at a low temperature (for example, at 32°C), but practical 
application of the virus, such as for gene therapy, could be carried 
out at a higher temperature (for example, at 37 °C) . For this purpose, 
the present inventors constructed recombinant F gene-deficient Sendai 
viral vectors, which encode mutant M and mutant HN proteins, and which 

25 comprise a total of six temperature-sensitive mutations reported in 
M and HN proteins (three for M protein, and three for HN protein) . 
VLP release for this virus was tested, and the level was determined 
to be about 1/10 or less of that of the wild-type virus. Further, 
immunostaining with an anti-M antibody was used to analyze M protein 

30 subcellular localization in cells in which the Sendai virus vector 
with suppressed VLP release had been introduced. The results showed 
that introduction of the virus with suppressed VLP release 
significantly reduced M protein aggregation on cell surfaces, 
compared to cells containing the introduced wild type virus. In 

35 particular, M protein condensation patterns were extremely reduced 
at a high temperature (38°C) . The subcellular localization of M and 
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HN proteins in cells infected with SeV containing a 
temperature-sensitive mutant M gene was closely examined using a 
confocal laser microscope. M protein localization on cell surfaces 
was significantly reduced, even at a low temperature (32*C) , and was 
5 observed to have morphology similar to that of a microtubule- At a 
high temperature (37°C), M protein was localized near the central 
body of microtubules, that is, near the Golgi body. The addition of 
a microtubule-depolymerizing agent resulted in the disruption of the 
M protein localization structure. This occurred both in SeV 

10 comprising the temperature-sensitive M gene, and in SeV comprising 
the wild-type M gene. This raised the possibility that M protein 
actually functions localized along microtubules. These findings 
assert that the reduced level of secondary particle release in the 
case of viruses comprising introduced temperature-sensitive 

15 mutations was due to insufficient intracellular localization of M 
protein, which is believed to play a central role in particle formation . 
Thus, VLP formation can be effectively suppressed by preventing the 
normal intracellular localization of M protein. Furthermore, 
interaction with microtubules may be important for M protein function . 

20 For example, secondary particle release can be reduced by causing 
a problem with M protein subcellular localization, achieved by using 
a gene mutation or pharmaceutical agent developed to inhibit M protein 
transport along microtubules from Golgi bodies into the cell. Namely, 
the present inventors found that recombinant (~) strand RNA viral 

25 vectors, in which particle formation ability had been reduced or 
eliminated, could be provided by preparing (-) strand RNA viral vectors 
comprising a mutation leading to defective M protein localization. 

For example, the M gene, or genes encoding spike proteins, such 
as the F gene and HN gene, are first mutagenized. Viral vectors 

30 carrying these mutant genes are then screened for vectors exhibiting 
aberrant M protein localization, and particularly for vectors showing 
reduced or eliminated M protein aggregation on the cell surface . Thus, 
recombinant Sendai viral vectors in which particle formation ability 
has been reduced or eliminated can be effectively obtained. For 

35 example, such vectors can be used to test VLP production suppression, 
caused by modifying the cytoplasmic tail or other regions of the spike 
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protein. Further, various mutant viruses, including those with an 
M protein modification, can also be screened based on the presence 
or absence of M protein localization on the cell membrane. These 
methods can be applied to (-) strand RNA viruses as well as to SeV. 
5 By introducing mutations to the P gene and L gene, the present 

inventors constructed F-def icient vectors that suppress the secondary 
release of viral particles, lower the degree of cytotoxicity, and 
maintain expression of the inserted genes over a longer period. The 
present inventors used the SeV P protein gene, comprising an E8 6K 

10 or L511F substitution mutation, and the SeV L protein gene, comprising 
an N1197S and K17 95E substitution mutation. When compared to vectors 
without gene mutations, vectors with both P and L gene mutations 
significantly suppressed the decrease in the number of cells 
expressing the introduced genes after vector introduction to these 

15 cells. The degree of cytotoxicity and VLP secondary release were 
also clearly reduced. The present inventors also constructed viruses 
with mutations in the four proteins, M, HN, P and L. They did this 
by combining mutations in the P protein and L protein with the 
above-mentioned temperature-sensitive mutations in the M protein and 

20 HN protein. Use of these recombinant mutant viruses resulted in 
remarkably reduced cytotoxicity. In particular, the secondary 
release of particles was significantly decreased in SeV comprising 
P protein gene with an amino acid substitution at L511. 

The present inventors also aimed to construct a virus in which 

25 M protein aggregation on the surface of cells introduced with the 
virus was completely deficient. To this end, and for the first time, 
the present inventors constructed cells with sustained M protein 
expression, able to be utilized in the production of the M-def icient 
virus. By using these cells it is possible for the first time to 

30 produce genetic therapy vectors confirmed to be free from 
contamination with other viruses, even at high titers. The 
M-deficient SeV production system of the present invention could 
supply, for the first time, practically applicable M-deficient 
(-) strand RNA viruses. Infective viral particles lacking the M gene 

35 were recovered in the culture supernatant of the virus-producing cells 
at titer of lO"^ ClU/ml or more. Secondary release of VLPs from cells 
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introduced with the above-mentioned virus was almost completely 
suppressed. Cytotoxicity was also reduced. Furthermore, thepresent 
inventors newly produced helper cells that express both M and F 
proteins . Using these helper cells, they succeeded for the first time 
5 in recovering infective viral particles lacking both M and F genes - 
The virus was recovered in the culture supernatant of virus-producing 
cells at titer of up to 10^ ClU/ml or more. Secondary particle 
production was almost absent in the viruses thus obtained. 
Cytotoxicity due to the viral vector lacking both M and F genes was 

10 significantly lower than for those lacking just one or the other of 
the M or F genes. This viral vector was shown to be highly efficient 
at both in vivo and in vitro gene transfer to nerve cells. This virus 
can be expected to be used as a gene-transfer vector comprising the 
ability to infect many kinds of cells, including non-dividing cells. 

15 The present invention relates to methods for testing and 

producing (-) strand RNA viral vectors in which particle formation 
ability has been reduced or eliminated. More specifically, the 
present invention relates to: 

(1) a method for testing particle formation ability of a 
20 (-) strand RNA virus vector, wherein the method comprises detecting 

localization of M protein in cells in which the vector has been 
introduced; 

(2) a method of screening for a (-) strand RNA virus vector whose 
particle formation ability has been reduced or eliminated, comprising 

25 the steps of: 

(a) detecting localization of M protein in cells into which the vector 
has been introduced; and 

(b) selecting the vector by which localization has been reduced or 
eliminated; 

30 (3) the method according to (1) or (2), wherein the localization 

of M protein is an aggregation of M proteins on the cell surface; 

(4) a method of screening for a gene which reduces or eliminates 
particle formation ability of a (-) strand RNA virus vector , comprising 
the steps of: 

35 (a) detecting localization of M protein in cells into which the 
(-) strand RNA virus vector comprising a test gene has been introduced; 
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and 

(b) selecting the gene which reduces or eliminates localization; 
(5) the method according to (4), wherein the localization of 
M protein is an aggregation of M proteins on the cell surface; 
5 (6) the method according to (4) or (5), wherein the test gene 

is a mutant of a gene selected from the group consisting of M, F, 
and HN genes of a (-) strand RNA virus; 

(7) a method for producing a recombinant (-) strand RNA virus 
vector whose particle formation ability has been reduced or eliminated, 

10 wherein the method comprises reconstituting the (-) strand RNA virus 
vector comprising a gene which can be identified or isolated by a 
method according to any one of (4) to (6), under a condition where 
the reduction or elimination of M protein localization by the gene 
is continuously complemented; 

15 (8) a method for producing a recombinant (-) strand RNA virus 

vector whose particle formation ability has been reduced or eliminated, 
wherein the method comprises reconstituting the {-) strand RNA virus 
vector by which the localization of the M gene expression product 
is reduced or eliminated as a result of the deletion or mutation of 

20 the M gene, under a condition where functional M protein is 
continuously expressed; 

(9) the method according to (8), wherein the step comprises 
reconstituting, at a permissive temperature, the (-) strand RNA virus 
vector comprising a temperature-sensitive mutant M gene by which the 

25 aggregation of gene products on the cell surface has been reduced 
or eliminated; 

(10) the method according to (9), wherein the 
temperature-sensitive mutant M gene is a gene encoding a (-) strand 
RNA virus M protein, in which an amino acid corresponding to at least 

30 one amino acid position selected from the group consisting of G69, 
T116 and A183 of a Sendai virus M protein has been substituted with 
another amino acid; 

(11) the method according to (8), wherein the step comprises 
reconstituting the (-) strand RNA virus vector whose M gene is deleted, 

35 under a condition where the M gene, which has been introduced in the 
chromosome of the cells used for reconstitution, is expressed; 



9 



(12) a method according to any one of (7) to (11)/ wherein the 
(-) strand RNA virus vector further comprises the deletion of HN and/or 
F genes, or comprises a temperature-sensitive mutant HN and/or F genes; 

(13) the method according to (12), wherein the 
5 temperature-sensitive mutant HN gene is a gene encoding a (-) strand 

RNA virus HN protein, in which an amino acid corresponding to at least 
one amino acid position selected from the group consisting of A2 62, 
G2 64, and K4 61 of a Sendai virus HN protein, has been substituted 
with another amino acid; 
10 (14) a method according to any one of (7) to (13) , wherein the 

(-) strand RNA virus vector further comprises a mutation in the P and/or 
L gene; 

(15) the method according to (14) , wherein the mutation in the 
P gene is a substitution of an amino acid position of the (-) strand 

15 RNA virus P protein, corresponding to E8 6 and/or L511 of a Sendai 
virus P protein, with another amino acid; 

(16) the method according to (14) or (15) , wherein the mutation 
in the L gene is a substitution of an amino acid position of the 
(-) strand RNA virus L protein, corresponding to N1197 and/or K1795 

20 of a Sendai virus L protein, with another amino acid; 

(17) a method according to any one of (7) to (16), wherein the 

method comprises reconstituting a vector at 35°C or a lower 
temperature; 

(18) a method according to any one of (1) to (17), wherein the 
25 (-) strand RNA virus is a paramyxovirus; 

(19) the method according to (18), wherein the paramyxovirus 
is a Sendai virus; 

(20) a recombinant (-) strand RNA virus vector produced by a 
method according to any one of (7) to (14), wherein the particle 

30 formation ability of the vector has been reduced or eliminated; 

(21) a recombinant (-) strand RNA virus, comprising a functional 
M protein, but whose M protein-encoding sequence is deleted in the 
genome of the virus; 

(22) a recombinant (-) strand RNA virus comprising at least one 
35 feature selected from the group consisting of the following (a) to 

(d) : 
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(a) the M protein encoded in the genome of the virus comprises a 
substitution of an amino acid, corresponding to at least one amino 
acid position selected from the group consisting of G69, T116 and 
A183 of a Sendai virus M protein, with another amino acid; 
5 (b) the HN protein encoded in the genome of the virus comprises a 
substitution of an amino acid, corresponding to at least one amino 
acid position selected from the group consisting of A2 62, G2 64, and 
K4 61 of a Sendai virus HN protein, with another amino acid; 

(c) the P protein encoded in the genome of the virus comprises a 
10 substitution of an amino acid, corresponding to the amino acid position 

of E8 6 or L511 of a Sendai virus P protein, with another amino acid; 

(d) the L protein encoded in the genome of the virus comprises a 
substitution of an amino acid, corresponding to the amino acid position 
of N1197 and/or K1795 of a Sendai virus L protein or an amino acid 

15 of another (-) strand RNA virus M protein homologous thereto, with 
another amino acid; 

(23) the virus according to (22) comprising the features of at 
least (a) and (b) ; 

(24) the virus according to (22) comprising the features of at 
20 least (c) and (d) ; 

(25) the virus according to (22) comprising the features of all 
of (a) to (d) ; 

(26) a virus according to any one of (21) to (25), wherein at 
least one sequence encoding a spike protein in the genome of the virus 

25 is further deleted; 

(27) the virus according to (26), wherein the spike protein is 
an F protein; 

(28) a virus according to any one of (21) to (27), wherein the 
(-) strand RNA virus is a paramyxovirus; 

30 (29) the virus according to (28), wherein the paramyxovirus is 

a Sendai virus; 

(30) a recombinant virus according to any one of (21) to (29), 
which is used for reducing cytotoxicity upon gene introduction; 

(31) a recombinant virus according to any one of (21) to (30), 
35 which is used for inhibiting the reduction in the expression level 

of an introduced gene upon gene introduction; 
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(32) a recombinant virus according to any one of (21) to (31), 
which is used for inhibiting the release of a virus-like particle 
(VLP) from a cell into which a virus has been introduced upon gene 
transduction; and 

5 (33) an aqueous solution comprising a recombinant virus 

according to any one of (2i) to (32) at a level of 10^ ClU/ml or higher. 

The present invention provides a method for testing the particle 
formation ability of a (-) strand RNA virus vector, which comprises 
the step of detecting the localization of M protein in cells in which 

10 the vector has been introduced. The present inventors showed the close 
relationship between the localization of M protein in 
vector-producing cells, and the particle formation ability of 
(-) strand RNA virus vectors. In cells in which these particles are 
formed, M protein is detected at high levels on the cell surface; 

15 more strictly, it is aggregated on the cell surface. However, in cells 
infected with a vector with reduced particle formation ability, M 
protein localization on the cell surface is reduced, and the protein 
is detected at higher levels in the cytoplasm. When particle formation 
ability is eliminated, M protein is condensed around the nucleus. 

20 In this case, M protein is condensed in regions predicted to be close 
to the Golgi body, suggesting abnormalities in M protein transport, 
in which microtubules participate. Thus, since the subcellular 
localization of M protein correlates to the particle formation ability 
of the vector, this ability can be tested by detecting M protein 

25 localization. The test of the present invention is carried out by 
linking M protein localization with particle formation ability by 
detecting M protein localization in cells introduced with a vector- 
In other words, vectors in which M protein localization in cells has 
been reduced or eliminated have low particle formation ability; the 

30 greater the interference with localization, the more particle 
formation ability is reduced. Specifically, and as described above, 
the lower the level of cell-surface M protein aggregation, the more 
particle formation ability in the vector is reduced. Particularly, 
when cell-surface M protein aggregation is eliminated in a vector, 

35 that vector is assessed to have no particle formation ability. 
Macroscopically, as the level of M protein localized on the cell 
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surface is reduced, the ability of the vector to form particles is 
judged to be lower. A vector causing M protein to be localized not 
on the cell surface, but in the cytoplasm or nucleus periphery, will 
have a reduced ability to form particles. In particular, when M 
5 protein is condensed and localized in the vicinity of the nucleus, 
or aggregated in regions of the Golgi body, the vector's particle 
formation ability is thought to be virtually or completely eliminated. 
On developing a vector which causes suppression of subcellular M 
protein localization, particularly causing suppression of 

10 cell-surface M protein aggregation, it will be possible to suppress 
the release of VLPs from infected cells. 

In the present invention, the reduction or elimination of M 
protein localization in cells refers to, for example, a deficiency 
in M protein cellular localization. Namely, it means a significant 

15 disturbance of ^'M protein localization" (which is also referred to 
as '^the normal localization of M protein") in cells infected with 
a paramyxovirus retaining particle or VLP formation ability (for 
example, a wild-type paramyxovirus and paramyxovirus retaining VLP 
formation ability but comprising a deficient spike-protein gene, and 

20 so on) . Specifically, a deficiency in subcellular M protein 
localization means an alteration or elimination of M protein 
localization in cells infected with a vector comprising particle or 
VLP formation ability. M protein is localized near the cell surface; 
more specifically, it is aggregated on the surfaces of cells infected 

25 with paramyxoviruses retaining normal particle or VLP formation 
ability. In the present invention, alteration and elimination of 
normal M protein localization refers to reduction and elimination 
of M protein localization, respectively. In the present invention, 
a deficiency in M protein localization can include, for example, 

30 aberrant M protein localization (different to normal M protein 
localization) . In the present invention, deficiency of M protein 
localization includes, for example, reduction and elimination of 
cell-surface aggregation, reduction of cell surface expression, 
increases in M protein level in the cytoplasm, condensation of M 

35 protein in the cytoplasm (e.g. condensation in the nucleus periphery) , 
a decrease or elimination in M protein level in the entire cell, etc. 
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The subcellular localization of M protein can be determined by 
cell fractionation, or by directly detecting M protein localization 
using immunostaining, or so on. In immunostaining, for example, M 
protein stained by a f luorescently labeled antibody can be observed 
5 under a confocal laser microscope. After the cells have been lysed, 
a cell fraction can be prepared using a known cell fractionation method, 
and localization can then be determined by identifying the M 
protein-containing fraction using a method such as 
immunoprecipitation or Western blotting using an antibody against 

10 M protein. In cells infected with a vector comprising particle 
formation ability, M protein is localized on cell membranes. When 
the level of M protein localized on cell membranes is reduced, the 
virus particle formation is judged to be reduced. In the method of 
the present invention, it is preferable to test M protein localization 

15 by detecting cell-surface M protein aggregation. 

Direct methods for detecting subcellular M protein localization, 
such as cell fractionation, immunostaining, and others, can be used 
to detect cell-surface M protein aggregation. Virions are formed in 
so-called cell membrane lipid rafts, lipid fractions that are 

20 insoluble with non-ionic detergents such as Triton X-100. M protein 
is believed to participate in the aggregation of viral components 
in the lipid rafts due to its ability to bind to spike proteins, RNP, 
and to M protein itself, and further to lipids. Accordingly M protein 
detected by electrophoresis or so on with the lipid raft fraction 

25 is assumed to reflect aggregated M protein. Namely, when the amount 
of detectable M protein is reduced, cell-surface M protein aggregation 
is determined to be reduced. M protein aggregation on cell membranes, 
perhaps in lipid rafts, can be directly observed using the 
immunocytological staining methods used by the present inventors for 

30 detecting subcellular localization. This requires an anti-M antibody 
able to be used for immunocytological staining. On investigation 
using this method, an intensely condensed image is observed near the 
cell membrane when M protein is aggregated. When M protein is not 
aggregated, there is neither a detectable condensation pattern nor 

35 a clear outline of the cell membrane. In addition, only a slight stain 
is observed in the cytoplasm. Thus, when little or no condensation 
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pattern is detected, or more preferably when the cell membrane outline 
is indistinct and slight staining is observed throughout the cytoplasm, 
cell-surface M protein aggregation is judged to be reduced. Particle 
formation is suppressed for these viruses in which M protein 
5 aggregation on the cell surface has been reduced. 

Screening for (-) strand RNA viral vectors in which particle 
formation ability has been reduced or eliminated can be achieved using 
the above detection method. This screening method comprises the steps 
of (a) detecting the M protein localization in cells in which the 

10 vector has been introduced, and (b) selecting a vector with which 
localization has been reduced or eliminated (i.e. with which normal 
M protein localization has been altered) . As described above, 
reduction or elimination of localization means that normal M protein 
localization is significantly disturbed. Further, reduction or 

15 elimination of localization also includes complete elimination of 
localization and/or of M protein. This reduction and elimination in 
localization also includes not only cases where localization is 
reduced or eliminated in all cells, but also cases where localization 
is reduced or eliminated in a partial cell population, or where partial 

20 localization is reduced or eliminated within single cells. In 
addition, it includes cases where localization is reduced or 
eliminated under a particular condition. For example, it also 
includes cases where the level of localization is equivalent to that 
of a wild type at a particular temperature or less, but is reduced 

25 or eliminated relative to that wild type at a higher temperature. 
A preferable temperature at which this higher level of localization 
is reduced or eliminated as compared with a wild-type virus is about 
37 ''C to about 38 °C, which corresponds to mammalian body temperature. 
For example, various mutant virus strains are infected into cells, 

30 and then subcellular M protein localization is tested. Viruses in 
which particle formation ability has been reduced or eliminated can 
be isolated by selecting viruses by which M protein localization is 
reduced or eliminated. 

In the screening method of the present invention it is preferable 

35 use a detection method that utilizes cell-surface M protein 
aggregation as an index to screen for (-) strand RNA viral vectors 
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in which particle formation ability has been reduced or eliminated. 
This screening method comprises the steps of (a) detecting 
cell-surface M protein aggregation in cells in which the vector has 
been introduced, and (b) selecting a vector by which aggregation has 
5 been reduced or eliminated. Reduction of aggregation refers to 
significant reduction of aggregation. Further, reduction of 
aggregation also includes the complete elimination of aggregation, 
and of M protein itself. Reduction or elimination of aggregation 
includes not only cases where aggregation is reduced or eliminated 

10 in all cells, but also cases where aggregation is reduced or eliminated 
on the cell surface of partial cell populations, and where aggregation 
is reduced or eliminated on partial cell surfaces. It also includes 
cases where aggregation is reduced or eliminated under a particular 
condition. For example, it also includes cases where the level of 

15 aggregation is equivalent to that of a wild type at a particular 
temperature or less, but reduced or eliminated relative to that wild 
type at a higher temperature. A preferable temperature at which 
aggregation is reduced compared to the wild-type virus, or eliminated, 
is about 37 to 38 °C, which corresponds to mammalian body temperature. 

20 For example, various mutant virus strains are infected into cells, 
and then M protein localization on cell surfaces is tested. Viruses 
in which particle formation ability has been reduced or eliminated 
can be isolated by selecting a virus strains in which cell-surface 
M protein aggregation is reduced or eliminated. 

25 In this invention, particle formation ability refers to the 

ability of a vector to release infective and non-infective viral 
particles from cells into which a viral vector has been infected. 
This release is called secondary release, and the particles are called 
virus-like particles (VLPs) . In this invention, reduction and 

30 suppression of particle formation refers to a significant reduction 
in particle formation ability. This reduction in particle formation 
ability includes complete elimination of the ability to form particles . 
The reduction or elimination of particle formation ability includes 
cases where the average particle formation ability of a viral vector 

35 is reduced. For example, it includes cases where particle formation 
ability is reduced or eliminated in some of the infected cells, and 
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cases where particle formation ability is reduced or eliminated in 
part of the infected virus. Furthermore, it includes cases where 
particle formation ability is reduced or eliminated under a certain 
condition. For example, it includes cases where particle formation 
5 by a transgenic virus is similar to that by a wild-type virus at a 
specific temperature or lower, but is reduced or eliminated relative 
to that wild-type virus at temperatures above the specific temperature . 
Temperature conditions are preferably such that reduction or 
elimination of particle formation ability in the transgenic virus 

10 as compared to the wild-type virus occurs at 37^C to 38°C, which 
corresponds to mammalian body temperature (e. g., 37°C) . 

The reduction of particle formation ability in the viruses is 
statistically significant (for example, at a significant level of 
5% or less) . Statistical verification can be carried out using, for 

15 example, the Student t-test or the Mann-Whitney tZ-test. Particle 
formation ability in the virus is reduced to a level of 1/2 or less, 
preferably 1/5 or less, more preferably 1/10 or less, more preferably 
1/30 or less, more preferably 1/50 or less, more preferably 1/100 
or less, more preferably 1/300 or less, and more preferably 1/500 

20 or less. 

Elimination of particle formation ability includes 
quantitative or functional elimination of particle formation. 
Quantitative elimination of particle formation ability refers to 
cases where, for. example, the VLPs are below the detection limit. 

25 In these cases, the number of VLPs is 10^/ml or less, preferably 10^/ml 
or less, and more preferably 10"''/ml or less. Functional elimination 
of particle formation ability refers to cases where a sample which 
possibly comprises VLPs is transfected to cells but does not result 
in detectable infectivity. Viral particles can be directly confirmed 

30 by observation under an electron microscope, etc. Alternatively, 
they can be detected and quantified using viral nucleic acids or 
proteins as indicators. For example, genomic nucleic acids in the 
viral particles may be detected and quantified using general methods 
of nucleic acid detection such as the polymerase chain reaction (PGR) . 

35 Alternatively, viral particles comprising a foreign gene can be 
quantified by infecting them into cells and detecting expression of 
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that gene. Non-infective viral particles (virus-like particles, 
etc . ) can be quantified by detecting gene expression after introducing 
the particles into cells in combination with a transfection reagent. 
Specifically, a lipofection reagent such as DOSPER Liposomal 
5 Transfection Reagent (Roche, Basel, Switzerland; Cat. No. 1811169) 
can be used. One hundred microliters of a solution with or without 
viral particles is mixed with 12.5 yl of DOSPER, and allowed to stand 
for ten minutes at room temperature. The mixture is shaken every 15 
minutes and transf ected to cells conf luently cultured on 6-well plates . 

10 Virus-like particles can be detected by the presence or absence of 
infected cells from the second day after transfection. Viral 
particles or infectivity can be determined by measurement using, for 
example, CIU assays or hemagglutination activity (HA) (Kato, A. et 
al., 1996, Genes Cells 1: 569-579; Yonemitsu, Y. & Kaneda, Y., 

15 ''Hemaggulutinating virus of Japan-liposome-mediated gene delivery 
to vascular cells.'', Ed. by Baker AH., Molecular Biology of Vascular 
Diseases. Method in Molecular Medicine: Humana Press: pp. 295-306, 
1999) . Transfection can be carried out, for example, by using 
lipofection reagents. Transfection can also be performed, for 

20 example, by using DOSPER Liposomal Transf ection Reagent (Roche, Basel, 
Switzerland; Cat No. 1811169) . 12.5 )iil of DOSPER is mixed with 100 
jul of a solution with or without VLPs, and the mixture is allowed 
to stand at room temperature for ten minutes. The mixed solution is 
shaken every 15 minutes and transfected to cells confluently cultured 

25 on 6-well plates. The presence of VLPs can be tested by detecting 
the presence or absence of infected cells after two days. 

A test virus to be used for the screening may be a spontaneous 
mutant strain or so on, or an artificially created mutant. A virus 
selected by screening can be used as the (-) strand RNA virus vector 

30 in which particle formation ability has been reduced or eliminated. 

A gene leading to the reduction or elimination of particle 
formation ability in a (-) strand RNA virus vector can be screened 
using the above detection method. This screening method comprises 
the steps of (a) detecting M protein localization in cells into which 

35 the (-) strand RNA virus vector containing a test gene has been 
introduced, and (b) selecting genes which reduce or eliminate 
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localization. Reduction or elimination of localization can be 
detected as described above. For example, the localization screening 
method using cell-surface M protein aggregation as an index comprises 
the steps of (a) detecting cell-surface M protein aggregation in cells 
5 in which the (-) strand RNA virus vector containing a test gene has 
been introduced, and (b) selecting genes which reduce or eliminate 
aggregation. For example, viral vectors in which various mutant viral 
genes and other genes have been inserted are prepared, and these 
vectors are infected into cells, followed by detection of cell-surface 

10 . M protein localization expressed from the infecting virus in the cells . 
A gene by which particle formation ability is reduced or eliminated 
can be isolated by selecting a gene contained in a viral vector by 
which cell-surface M protein aggregation of M protein has been reduced 
or eliminated- There is no particular limitation as to the test gene 

15 to be used in the screening, and such a gene may include a gene derived 
from a virus or cell, and a gene containing spontaneous or artificially 
created mutations. A test gene is preferably a mutant of a gene 
selected from the group consisting of the M, F, and HN genes of a 
(-) strand RNA virus. In some cases a gene functionally equivalent 

20 to the M gene of the (-) strand RNA virus is referred to as Ml, and 
similarly, genes functionally equivalent to the F and HN genes can 
be referred to as G and H, respectively. In the present invention, 
the M gene includes the Ml gene, and the F and HN genes include the 
G and H genes respectively. The term ^'mutant'' means, for example, 

25 a gene encoding a protein carrying one or more amino acid substitutions, 
deletions, additions, and/or insertions compared to the wild-type 
gene product. When the test gene is a mutant M gene, in the step (a) , 
localization of the expression products of the mutant M gene is 
detected in cells in which the (-) strand RNA virus vector containing 

30 the test mutant M gene has been introduced. When the test genes are 
mutant F and/or HN genes, in the step (a), localization of M protein 
expressed from the vector is detected in cells in which the (-) strand 
RNA virus vector containing the test mutant F and/or HN genes have 
been introduced. A gene that reduces or eliminates M protein 

35 localization is selected by detecting M protein localization in the 
cells. For example, when M protein localization is tested using 
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cell-surface aggregation as an index, a gene that reduces or eliminates 
M protein aggregation is selected by detecting cell-surface M protein 
aggregation. Similar screening can be carried out by using, for 
example, a test gene that encodes a protein capable of interacting 
5 with viral gene products such as the M, F, or HN proteins. The gene 
obtained can be used for producing a (-) strand RNA virus vector in 
which particle formation ability has been reduced or eliminated. 

Herein, the term ^'a gene that reduces or eliminates M protein 
localization in cells" means a gene that causes a reduction or 

10 elimination of subcellular M protein localization (namely, it alters 
the normal localization of M protein) . For example, in addition to 
the expression of a gene which reduces or eliminates M protein 
localization, this phrase also includes cases where gene expression 
results in deficient M protein localization, or alterations of other 

15 environmental factors (for example, pH, salt concentration, 
temperature, addition of compounds, co-expression of other genes, 
etc. ) . 

Using this screening, a gene involved in the reduction or 
elimination of particle formation ability can be specified from the 

20 above viruses, which were isolated by screening for (-) strand RNA 
virus vectors in which particle formation ability has been reduced 
or eliminated. Namely, genes that reduce or eliminate particle 
formation ability can be screened for using genes contained in an 
isolated virus as test genes . Genes obtained can be used for producing 

25 the recombinant virus in which particle formation ability has been 
reduced or eliminated. 

When using a gene isolated as described above to produce a 
(-) strand RNA virus vector in which particle formation ability has 
been reduced or eliminated, the present inventors found that (-) strand 

30 RNA virus vectors retaining such a gene can be efficiently produced 
by a method comprising the step of reconstitution under conditions 
persistently complementing the reduction or elimination of M protein 
localization by the gene, for example, reduction or elimination of 
cell-surface M protein aggregation. The recombinant (-) strand RNA 

35 virus vector in which particle formation ability has been reduced 
or eliminated, produced by the method of the present invention, has 
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the advantage that it does not release VLPs after introduction into 
target cells . 

The term ''conditions persistently complementing" means 
conditions where complementation is sustained for a period of time 
5 long enough to reconstitute the {-) strand RNA virus vector. 
Conditions of persistent complementation typically mean conditions 
where reduction or elimination of M protein localization in cells, 
for example, the reduction or elimination of cell-surface M protein 
aggregation, is continually complemented for at least two days, 
10 preferably four days or longer, more preferably seven days or longer, 
further preferably ten days or longer, and most preferably 14 days 
or longer. 

For example, to produce a vector which comprises an M gene 
comprising a mutation by which cell-surface aggregation is reduced 

15 under a certain condition, the virus is reconstituted while 
persistently maintaining that condition (under which reduction of 
cell-surface aggregation is suppressed) . For example, 

reconstitution may be carried out under a condition whereby the mutant 
phenotype is not expressed. Alternatively, the M protein mutant may 

20 be complemented by persistently expressing the wild-type M gene in 
cells. As a further example, where an M gene-deficient vector is 
produced, reconstitution can also be performed by persistently 
expressing the wild-type M gene in cells. 

In the present invention it was revealed that when a viral vector 

25 was reconstituted at a low temperature, the reduction or elimination 
of normal M protein localization was suppressed, and thus the 
efficiency of virus reconstitution was significantly increased. 
Particularly, in the reconstitution of a vector comprising a mutant 
(or deficient) gene by which particle formation ability was reduced, 

30 reconstitution at 37**C and 38 °C was inefficient, and cytotoxicity 
was also observed. Efficient reconstitution could be achieved at 35''C 
or lower, preferably at 32 °C. Accordingly, in the present invention 
it is preferable to reconstitute viral vectors at 35''C or lower, more 
preferably at 34**C or lower, further preferably at 33°C or lower, 

35 most preferably at 32 °C or lower. 

The present invention provides, as one such method, a method 
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for reconstituting an M gene-deficient or M gene-mutated (-) strand 
RNA virus vector in particular . Namely, the present invention relates 
to a method for producing a recombinant {-) strand RNA virus vector 
in which particle, formation ability has been reduced or eliminated, 
5 which comprises the step of reconstituting, under a condition where 
the functional M protein is persistently expressed, a (-) strand RNA 
virus vector that reduces or eliminates M protein localization due 
to M gene deficiency or mutation. Specifically, for example, the 
present invention relates to a (-) strand RNA virus vector that reduces 

10 or eliminates cell-surface M protein aggregation. The term 
''functional M protein'' means the wild-type M protein or a protein 
comprising a function equivalent to that of this protein. 
Specifically, it means a protein comprising the activity of causing 
cell-surface aggregation, and thus of supporting particle formation 

15 by a (-) strand RNA virus vector. 

Particularly preferably embodiments of these methods include 
a method comprising a step of reconstituting a (-) strand RNA virus 
vector comprising a temperature-sensitive mutant M gene that reduces 
or eliminates localization of its gene product in cells, at allowable 

20 temperatures. Temperature-sensitive mutation refers to a mutation 
that significantly reduces an activity at high temperatures (e.g., 
37°C) compared to at low temperatures (e.g., 32^C) . A specif ic example 
is a method comprising the step of reconstituting a (-) strand RNA 
virus vector comprising a temperature-sensitive mutant M gene that 

25 reduces or eliminates aggregation of gene product on the cell surface, 
at allowable temperatures . The temperature-sensitive M gene mutation 
is not particular limited, however includes, for example, at least 
one of the amino acid sites selected from the group consisting of 
G69, T116, and A118 from the Sendai virus M protein, preferably two 

30 sites arbitrarily selected from among these, and more preferably all 
three sites. Other (-) strand RNA virus M proteins comprising 
homologous mutations can also be used as appropriate, and use is also 
not limited thereto. Herein, G69 means the 69th amino acid glycine 
in M protein, T116 is the 116th amino acid threonine in M protein, 

35 and A183 is the 183rd amino acid alanine in M protein. 

The gene encoding M protein (the M gene) is widely conserved 
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in (-) strand RNA viruses, and is known to interact with both the viral 
nucleocapsid and envelope (Garoff, H. et al., Microbiol. Mol. Biol. 
Rev. 62:117-190 (1998)) . The SeV M protein amino acid sequence 104 
to 119 (104-KACTDLRITVRRTVRA-119 / SEQ ID NO: 38) is presumed to form 
5 an amphiphilic .-helix, and was identified as an important region for 
viral particle formation (Mottet, G. et al., J. Gen. Virol. 
80:2977-2986 (1999)). This region is widely conserved in (-) strand 
RNA viruses. M protein amino acid sequences are similar among 
(-) strand RNA viruses. In particular, known M proteins in viruses 

10 belonging to the subfamily Paramyxovirus are commonly proteins with 
330 to 380 amino acid residues. Their structure is similar over the 
whole region, however the C-end halves in particular have high homology 
(Gould, A. R., Virus Res. 43:17-31 (1996), Harcourt, B. H. et ai.. 
Virology 271:334-349 (2000)). Therefore, for example, amino acid 

15 residues homologous to G69, T116 and A183 of the SeV M protein can 
be easily identified. 

Amino acid residues at sites homologous to other (-) strand RNA 
virus M proteins corresponding to G69, T116 and A183 of the SeV M 
proteins can be identified by one skilled in the art using SeV M protein 

20 alignments created using an amino acid sequence homology search 
program (which includes an alignment forming function) such as BLAST, 
or an alignment forming program such as CLUSTAL W. Examples of 
homologous sites in M proteins that correspond to G69 in the SeV M 
protein include G69 in human parainfluenza virus-1 (HPIV-1) ; G73 in 

25 human parainfluenza virus-3 (HPIV-3) ; G70 in phocine distemper virus 
(PDV) and canine distemper virus (CDV) ; G71 in dolphin molbillivirus 
(DMV) ; G70 in peste-des-petits-ruminants virus (PDPR) , measles virus 
(MV) and rinderpest virus (RPV) ; G81 in Hendra virus (Hendra) and 
Nipah virus (Nipah) ; G70 in human parainfluenza virus-2 (HPIV-2); 

30 E47 in human parainfluenza virus-4a (HPIV-4a) and human parainfluenza 
virus-4b (HPIV-4b) ; and E72 in mumps virus (Mumps) . (Descriptions 
in brackets indicate the abbreviation; letters and numbers indicate 
amino acids and positions . ) Examples of homologous sites of M proteins 
corresponding to T116 in the SeV M protein include T116 in human 

35 parainfluenza virus-1 (HPIV-1) ; T120 in human parainfluenza virus-3 
(HPIV-3) ; T104 in phocine distemper virus (PDV) and canine distemper 
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virus (CDV); T105 in dolphin molbillivirus (DMV); T104 in 
peste-des-petits-ruminants virus (PDPR), measles virus (MV) , 
rinderpest virus (RPV) ; T120 in Hendra virus (Hendra) and Nipah virus 
(Nipah) ; T117 in human parainfluenza virus-2 (HPIV-2) and simian 
5 parainfluenza virus 5 (SV5); T121 in human parainfluenza virus-4a 
(HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; T119 in mumps 
virus (Mumps) ; and S120 in Newcastle disease virus (NDV) . Examples 
of homologous sites of M proteins corresponding to A183 of SeV M protein 
are A183 in human parainfluenza virus-1 (HPIV-1); F187 in human 

10 parainfluenza virus-3 {HPIV-3) ; Y171 in phocine distemper virus (PDV) 
and canine distemper virus (CDV) ; Y172 in dolphin molbillivirus (DMV) ; 
Y171 in peste-des-petits-ruminants virus (PDPR); measles virus (MV) 
and rinderpest virus (RPV) ; Y187 in Hendra virus (Hendra) and Nipah 
virus (Nipah); Y184 in human parainfluenza virus-2 (HPIV-2); F184 

15 in simian parainfluenza virus 5 (SV5) ; F188 in human parainfluenza 
virus-4a (HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; F186 
in mumps virus (Mumps); and Y187 in Newcastle disease virus (NDV). 
Of the viruses mentioned here, viruses suitable for use in the present 
invention include those comprising genomes which encode an M protein 

20 mutant, where amino acid residue (s) have been substituted at any one 
of the above-mentioned three sites, preferably at an arbitrary two 
of these three sites, and more preferably at all three sites. 

An amino acid mutation includes substitution with any other 
desirable amino acid. However, substitution is preferably with an 

25 amino acid with different chemical characteristics in its side chain. 
Amino acids can be divided into groups such as basic amino acids (e. 
g., lysine, arginine, histidine) ; acidic amino acids (e. g., aspartic 
acid, glutamic acid); uncharged polar amino acids (e. g., glycine, 
asparagine, glutamine, serine, threonine, tyrosine, cysteine) ; 

30 nonpolar amino acids (e. q., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophane); p-branched amino 
acids (e. g., threonine, valine, isoleucine); and aromatic amino acids 
(e. g., tyrosine, phenylalanine, tryptophane, histidine). One amino 
acid residue, belonging to a group of amino acids, may be substituted 

35 for by another amino acid, which belongs to a different group. 
Specific examples include but are not limited to: substitution of 
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a basic amino acid with an acidic or neutral amino acid; substitution 
of a polar amino acid with a nonpolar amino acid; substitution of 
an amino acid of molecular weight greater than the average molecular 
weights of 20 naturally-occurring amino acids, with an amino acid 
5 of molecular weight less than this average; and conversely, 
substitution of an amino acid of molecular weight less than this 
average, with an amino acid of molecular weight greater than this 
average. For example, a mutant selected from the group consisting 
of G69E, T116A and A183S in the Sendai virus M protein, or comprising 

10 mutations homologous thereto, can be suitably used. Herein, G69E 
refers to a mutation wherein the 69th M protein amino acid glycine 
is substituted by glutamic acid, T116A refers to a mutation wherein 
the 116th M protein amino acid threonine is substituted by alanine, 
and A183S refers to a mutation wherein the 183rd M protein amino acid 

15 alanine is substituted by serine. In other words, G69, T116 and A183 
in the Sendai virus M protein or homologous M protein sites in other 
viruses, can be substituted by glutamic acid (E) , alanine (A) and 
serine (S) respectively. These mutations are preferably comprised 
in combination, and it is particularly preferable to comprise all 

20 three of the above-mentioned mutations. M gene mutagenesis can be 
carried out according to a known mutagenizing method. For example, 
as described in the Examples, a mutation can be introduced by using 
an oligonucleotide containing a desired mutation. 

In the case of measles virus for example, it is possible to 

25 introduce the M gene sequence of temperature-sensitive strain 
P253-505, in which the epitope sequence of an anti-M protein monoclonal 
antibody has been altered (Morikawa, Y. et ai., Kitasato Arch. Exp. 
Med., 64; 15-30 (1991)). In addition, the threonin at residue 104 
of the measles virus M protein, or the threonin at residue 119 of 

30 the mumps virus M protein, which correspond to the threonin at residue 
116 of the SeV M protein, may be substituted with any other amino 
acid (for example, alanine) . 

Another particularly preferable embodiment of the above method 
of the present invention comprises the step of reconstituting the 

35 (-) strand RNA virus vector containing the deficient M gene, under 
a condition where the M gene, integrated in the chromosome of the 
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cells used for the reconstitution, is expressed. The term ''M gene 
deficiency" refers to the deletion of a sequence encoding the 
functional M protein, including cases where an M gene comprising a 
functionally deficient mutation is present, and cases where the M 
5 gene is absent. A functionally deficient M gene mutation can be 
produced, for example, by deleting the M gene protein-encoding 
sequence, or by inserting another sequence. For example, a 
termination codon can be inserted partway through the M 
protein-encoding sequence (WOOO/09700) . Most preferably, the M 

10 gene-deficient vector is completely devoid of M protein-encoding 
sequence. Unlike a vector encoding a temperature-sensitive mutant 
M protein, a vector without an M protein open reading frame (ORF) 
cannot produce viral particles under any conditions. 
In the present invention, it was found that recombinant viruses could 

15 be efficiently produced by integrating the M gene into the chromosomes 
of host cells used for vector reconstitution, and then persistently 
expressing and supplying M protein. Cells in which the M gene has 
been chromosomally integrated can be prepared, for example, by a method 
described in the Examples. The M gene may be constantly expressed, 

20 or inducibly expressed on viral reconstitution . Surprisingly, it was 
revealed that low-temperature reconstitution markedly improved 
vector production efficiency, even in the presence of wild-type M 
protein. Thus, vector reconstitution is preferably performed at a 
low temperature, specifically, at 35''C or a less, more preferably 

25 at 34 °C or less, further preferably at 33 °C or less, and most preferably 
at 32°C or less. 

It is preferable for the (-) strand RNA virus vector to further 
comprise the deficient HN and/or F genes, or temperature-sensitive 
mutant HN and/or F genes, in a method for producing the recombinant 

30 {-) strand RNA virus vector in which particle formation ability has 
been reduced or eliminated, where that method comprises the step of 
reconstituting a (-) strand RNA virus vector that reduces or eliminates 
M protein localization by M gene deficiency or mutation under a 
condition where the functional M protein is persistently expressed. 

35 At non-permissive temperatures, particle formation ability was 
revealed to be extremely reduced, particularly in the case of a vector 
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containing a temperature-sensitive HN gene mutation in addition to 
an M gene deficiency or mutation. The temperature-sensitive HN gene 
mutation is not particularly limited, but for example comprises at 
least one of the amino acid sites selected from the group consisting 
5 of A262, G264, and K461 in the Sendai virus HN protein, preferably 
an arbitrary two of these sites, and more preferably all three sites. 
Other (-) strand RNA virus HN proteins comprising homologous mutations 
can also be suitably used, but are also not limited thereto. Herein, 
A262 means the 262nd HN protein amino acid alanine, G264 is the 264th 

10 HN protein amino acid glycine, and K4 61 is the 4 61st HN protein amino 
acid lysine. The amino acid mutation can be a substitution with any 
desired amino acid. However, it is preferably a substitution with 
an amino acid with different chemical side chain characteristics, 
as previously described in the case of M protein mutation. For example, 

15 it includes substitution by an amino acid belonging to a different 
group, as previously described. Specifically, mutants selected from 
the group consisting of A2 62T, G2 64R, and K4 61G in the Sendai virus 
HN protein, or comprising mutations homologous to the above-mentioned 
mutants, can be adequately used. Herein, A262T refers to a mutation 

20 wherein the 262nd HN protein amino acid alanine is substituted by 
threonine; G264R refers to a mutation in which the 264th HN protein 
amino acid glycine is substituted by arginine; and K4 61G refers to 
a mutation in which the 461st HN protein amino acid lysine is 
substituted by glycine. In other words, A262, G264, and K461 in the 

25 Sendai virus HN protein, or homologous sites in the HN protein of 
other viruses, can be substituted by threonine (T) , arginine (R) , 
and glycine (G) , respectively. It is preferable to comprise a 
combination of these mutations, and is more preferable to comprise 
all three mutations. 

30 An additional example refers to the Urabe AM9 strain of the mumps 

virus, which demonstrates temperature sensitivity and is used as a 
vaccine (Wright, K. E. etal.. Virus Res., 67; 49-57 (2000)). In the 
present invention, and with respect to this virus, mutations are 
preferably introduced at the 464th and 468th amino acids. Amino acid 

35 mutations at sites homologous to these can be applied to other 
(-) strand RNA viruses. 
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A deficient F gene is particularly preferable in a (~) strand 
RNA virus vector comprising a temperature-sensitive M gene. In 
addition, it is more preferable for the F gene-deficient vector 
comprising the temperature-sensitive M gene to further comprise an 
5 HN gene with a temperature-sensitive mutation. In the present 
invention, it was demonstrated that a high-titer F gene-deficient 
(-) strand RNA virus vector comprising temperature-sensitive M and 
HN genes could be produced by reconstituting the viral vector at a 
permissive temperature using an F protein-expressing helper cell. 

10 The vector was also shown to produce significantly fewer VLPs. In 
the present invention, ^"deficiency" of a gene means that the functional 
gene product (a protein in the case of a protein-encoding gene) is 
not substantially expressed. Gene deficiency includes a null 
phenotype for a subject gene. Gene deficiency also includes cases 

15 in which the gene has been deleted, where the gene is not transcribed 
due to mutations in the transcription initiation sequence or the like, 
where the functional protein is not produced due to frameshift or 
codon mutations or the like, where the activity of the expressed 
protein has been substantially eliminated (or extremely reduced (for 

20 example, to 1/10 or less) ) due to amino acid mutations or the like, 
where protein translation is eliminated or extremely reduced (for 
example, to 1/10 or less), etc. 

This invention also refers to recombinant viruses comprising 
mutations that stimulate sustained infection in the P gene or L gene 

25 of (-) strand RNA viruses . These mutations more specifically include 
mutation of the 86th SeV P amino acid glutamine (E86), substitution 
to another amino acid of the 511th SeV P amino acid leucine (L511) , 
and substitution of homologous sites of other (-) strand RNA virus 
P proteins . The amino acid mutation may be a substitution to any other 

30 desirable amino acid, however is preferably a substitution to an amino 
acid with different chemical side chain characteristics, as described 
above. For example, the substitution includes substitution by an 
amino acid belonging to a different group, as previously described. 
More specific examples include the substitution of E8 6 by lysine (E8 6K) , 

35 and the substitution of L511 by phenylalanine (L511F) . In the case 
of L protein, substitution (s ) of the 1197th amino acid asparagine 
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(N1197) and/or the 1795th amino acid lysine (K1795) by another amino 
acid, or substitutions at homologous sites of other (-) strand RNA 
virus L proteins, can also be included. An L protein gene comprising 
both of these two mutations in the L protein is especially preferable. 
5 The amino acid mutation can also be a substitution by any selected 
amino acid, however it is preferably a substitution by an amino acid 
with different chemical side chain characteristics, as previously 
described. For example, a substitution by an amino acid belonging 
to a different group can be included. More specific examples include 

10 the substitution of N1197 by serine (N1197S) , and a substitution of 
K1795 by glutamic acid (K1795E) . The presence of both P and L gene 
mutations remarkably increases sustained infectivity, suppression 
of secondary particle release, and cytotoxicity suppression. These 
effects can be dramatically increased by combining the 

15 above-mentioned temperature-sensitive mutant gene(s) in HN protein 
and/or M protein. A recombinant (-) strand RNA virus comprising at 
least one temperature-sensitive mutation in the M and/or HN genes, 
and at least one sustained-inf ectivity type mutation in the P and/or 
L genes, is preferable. In particular, a virus with mutations in all 

20 four genes (M, HN, P, and L) is further preferable . A virus comprising 
the three above-mentioned amino acid mutations in the M and HN genes 
(in SeV: G69, T116 and A183 in M; and A262, G264 and K461 in HN) , 
and at least one of the two above-mentioned P gene mutations (E8 6 
or L511 in SeV) , and the two above-mentioned L gene mutations (N1197 

25 and K1795 in SeV), is most preferable. These recombinant viruses 
comprising mutations in the P and/or L gene are preferable when a 
(-) strand RNA virus spike protein gene (e.g. the F gene) is lost. 
By producing a virus strain using a deficient F-gene and an F-helper 
cell which expresses F protein, it is possible to obtain a viral vector 

30 that does not multiply after infecting target cells, and in which 
cytotoxicity is reduced and secondary particle production 
dramatically suppressed. Such a vector can express introduced 
gene(s) for longer periods than vectors with wild-type P or L genes. 
These viruses of the present invention are useful in gene transfer 

35 for reducing cytotoxicity; suppressing reduced expression of 
introduced genes, and suppressing the release of virus and virus-like 
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particles (VLPs) from virus-infected cells. 

This invention, as described in the specification, provides a 
method that decreases the degree of cytotoxicity in gene transfer. 
This method comprises the step of introducing a virus comprising 
5 mutations or deficiencies in viral genes (e. g. the HN, P, or L 
gene, or combinations thereof) into cells. This invention also 
provides a method for suppressing the release of VLPs from 
virus-introduced cells in gene transfer, where this method comprises 
the step of introducing such a virus into cells. The degree of 

10 cytotoxicity can be determined, for example, by measuring the release 
of LDH as described in the Examples. The level of expression of the 
introduced gene can be determined by Northern hybridization or RT-PCR 
using a fragment of the introduced gene as a probe or primer; by 
immunoprecipitation or Western blot analysis using an antibody 

15 against the product of the introduced gene; or by measuring the 
activity of the product of the introduced gene. VLP release can be 
measured, for example, by determining HA activity as shown in the 
Examples. Alternatively, VLPs in the supernatant solution can be 
quantified by recovering the supernatant solution, and measuring the 

20 expression of genes including VLPs after transfection into cells. 
It is preferable that reductions in cytotoxicity, introduced gene 
expression, and VLP release are, for example, statistically 
significant reductions (or suppressions) when compared to a virus 
without a corresponding mutation or deficiency (for example, 

25 statistical level of 5% or less) . Statistical analysis can be carried 
out, for example, using the Student t-test or the Mann-Whitney [/-test. 
Reduction or suppression should preferably be to 90% or less of the 
reference virus, more preferably to 80% or less, even more preferably 
to 70% or less, or 60% or less. Reduction or suppression is more 

30 preferably to 1/2 or less, more preferably to 1/3 or less, 1/5 or 
less, or 1/8 or less of the reference level. 

This invention can be used in gene transfer to reduce 
cytotoxicity, to suppress reduced expression of introduced genes, 
and to suppress VLP release from cells introduced with viruses 

35 comprising mutations or deficiencies in viral genes, as described 
in this specification. These viruses are viruses used in gene transfer 
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for reducing cytotoxicity, for suppressing reduced expression of 
introduced genes, or for suppressing VLP release from 
virus-introduced cells. 

In the present invention, 'M") strand RNA virus" refers to an 
5 RNA virus comprising a negative strand as its genome. In the present 
invention, a (-) strand RNA virus preferably refers to a non-segmented 
{-) strand RNA virus, i.e. a single-strand RNA virus comprising a 
negative strand as its genome. The (-) strand RNA virus is exemplified 
by, for example, viruses belonging to the Paramyxoviridae family, 

10 such as the Sendai virus, Newcastle disease virus, mumps virus, measles 
virus, RS virus (Respiratory syncytial virus), rinderpest virus and 
distemper virus; viruses belonging to the Orthomyxoviridae family, 
such as the influenza virus; viruses belonging to the Rhabdoviridae 
family, such as vesicular stomatitis virus and rabies virus; etc. 

15 Herein, the (-) strand RNA virus vector is preferably a non-segmented 
type {-) strand RNA virus, and more preferably, a paramyxovirus. 

In the present invention, preferable (-) strand RNA viruses 
include the Sendai virus (SeV) , human parainfluenza virus-1 (HPIV-l), 
human parainfluenza virus-3 (HPIV-3) , phocine distemper virus (PDV) , 

20 canine distemper virus (CDV) , dolphin molbillivirus (DMV), 
peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV) , Hendra virus (Hendra) , Nipah virus (Nipah) , 
human parainfluenza virus-2 (HPIV-2), simian parainfluenza virus 5 
(SV5) , human parainfluenza virus-4a (HPIV-4a) , human parainfluenza 

25 virus-4b (HPIV-4b) , mumps virus (Mumps) , and Newcastle disease virus 
(NDV) . More preferably, examples include viruses selected from the 
group consisting of Sendai virus (SeV) , human parainfluenza virus-1 
(HPIV-1) , human parainfluenza virus-3 (HPIV-3) , phocine distemper 
virus (PDV) , canine distemper virus (CDV) , dolphin molbillivirus 

30 (DMV), peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV), Hendra virus (Hendra), and Nipah virus 
(Nipah) . 

The virus genes encoded by these viruses have been known. 
Accession numbers are exemplified below: AF014953 (CDV) , X75961 (DMV) , 
35 D01070 (HPIV-1), M55320 (HPIV-2), D10025 (HPIV-3), X85128 (Mapuera) , 
D86172 (Mumps), K01711 (MV) , AF064091 (NDV), X74443 (PDPR), X75717 
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(PDV), X68311 (RPV), X00087 (SeV) , iyi81442 (SV5), andAF079780 (Tupaia) 
for N gene; X51869 (CDV) , Z47758 (DMV) , M74081 (HPIV-1) , X04721 
(HPIV-3), M55975 (HPIV-4a) , M55976 {HPIV-4b) , D86173 (Mumps), M89920 
(MV), M20302 (NDV) , X75960 (PDV), X68311 (RPV), M30202 (SeV) , AF052755 
5 (SV5), andAF079780 (Tupaia) for P gene; AF014953 (CDV), Z47758 (DMV), 
M74081 (HPIV-1), D00047 (HPIV-3), AB016162 (MV) , X68311 (RPV), 
AB005796 (SeV), anciAF079780 (Tupaia) for C gene; M12669 (CDV), Z30087 
(DMV), S38067 (HPIV-1), M62734 (HPIV-2) , D00130 (HPIV-3), D10241 
(HPIV-4a), D10242 (HPIV-4b) , D86171 (Mumps), AB012948 (MV) , AF089819 
10 (NDV), Z47977 (PDPR), X75717 (PDV), M34018 (RPV), U31956 (SeV), and 
M32248 (SV5) for M gene; M21849 (CDV), AJ224704 (DMV), M22347 (HPN-1) , 
M60182 (HPIV-2) , X05303 (HPIV-3), D49821 (HPIV-4a) , D49822 {HPIV-4b) , 
D86169 (Mumps), AB003178 (MV) , AF048763 (NDV), Z37017 (PDPR), 
AJ224706 (PDV), M21514 (RPV), D17334 (SeV), and AB021962 (SV5) for 
15 F gene; AF112189 (CDV), AJ224705 (DMV), U709498 (HPIV-1), D000865 
(HPIV-2), AB012132 (HPIV-3), M34033 (HPIV-4A) , AB006954 (HPIV-4B) , 
X99040 (Mumps), K01711 (MV) , AF204872 (NDV), ZB1358 (PDPR), Z36979 
(PDV), AF132934 (RPV), U06433 (SeV), and S76876 (SV-5) for HN (H or 
G) gene. More than one strain is known for viral species, and genes 
20 comprising sequences other than those shown above may exist, depending 
on different strains. 

In the present invention, "paramyxovirus" refers to viruses that 
belong to the family Paramyxoviridae, and to viruses derived from 
them. Paramyxovirus is a virus group with a non-segmented negative 
25 strand RNA genome. Paramyxoviruses in the present invention include 
the subfamily Paramyxovirinae (comprising the genus Respirovirus 
(also called the genus Paramyxovirus) , the genus Rubulavirus and the 
genus Morbillivirus) , and the subfamily Pneumovirinae (comprising 
the genus Pneumovirus and the genus Metapneumovirus) . 
30 Paramyxoviruses to which the present invention can be applied include, 
for instance, viruses belonging to the Paramyxoviridae, such as the 
Sendai virus, Newcastle disease virus, mumps virus, measles virus, 
RS virus (Respiratory syncytial virus) , rinderpest virus, distemper 
virus, simian parainfluenza virus (SV5) , and human parainfluenza 
35 virus type 1, 2, and 3, etc. The viruses of the present invention 
are preferably viruses belonging to the subfamily Paramyxovirinae 
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(comprising the genus Respirovirus, the genus Rubulavirus and the 
genus Morbillivirus) , and more preferably viruses belonging to the 
genus Respirovirus (also called the genus Paramyxovirus) or 
derivatives thereof. Examples of viruses of the genus Respirovirus 
5 to which the present invention can be applied include human 
parainfluenza virus type 1 (HPIV-1)^ human parainfluenza virus type 
3 (HPIV-3) , bovine parainfluenza virus type 3 (BPIV-3) , Sendai virus 
(also called murine parainfluenza virus type 1) , simian parainfluenza 
virus type 10 (SPIV-10), etc. The paramyxovirus of the present 

10 invention is most preferably the Sendai virus. These viruses may be 
derived from natural strains, wild-type strains, mutant strains, 
laboratory-passaged strains, artificially constructed strains, etc. 
Incomplete viruses such as the DI particle (J. Virol. 68, 8413-8417 
(1994)), synthesized oligonucleotides, and so on, can also be utilized 

15 as material for producing the viral vector of the present invention. 
The (-) strand RNA viruses are suitable as vectors for gene transfer. 
Their transcription and replication only take place in the cytoplasm 
of host cells. They have no DNA phase, and thus chromosomal 
integration does not occur. Therefore, safety problems which depend 

20 on chromosomal aberration, such as canceration and immortalization, 
do not exist. These characteristics greatly contribute to the safety 
of (-) strand RNA viruses as vectors. The results of foreign gene 
expression suggest that nucleotide mutation does not take place, even 
during continuous multi-generational culture of SeV, indicating a 

-25 highly stable genome, and stable expression of the inserted foreign 
gene over long periods (Yu, D. etal., Genes Cells 2: 457-466 (1997)). 
As (-) strand RNA viruses do not have capsid protein structure, they 
also possess advantages in packaging and size flexibility in the 
introduced gene. The SeV vector can be used to introduce foreign 

30 gene(s) of 4 kb or larger. By adding a transcription unit, two or 
more types of gene can be simultaneously expressed. 

In rodents, the Sendai virus is known to be pathogenic and to 
cause pneumonia, but in humans it is non-pathogenic. This is supported 
by previous reports that the intranasal application of wild-type 

35 Sendai virus did not cause severe symptoms in non-human primates 
(Hurwitz, J. L. at al.. Vaccine 15: 533-540 (1997)). Further 
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remarkable advantages are its "high infectivity" and "high expression 
level". SeV vectors infect by binding to sialic acid in the 
sugar-chain of cell membrane proteins. As sialic acid is expressed 
in almost all cells, a wider infection spectrum, i . e . high infectivity, 
5 is expected. Replicative vectors based on the SeV replicon can induce 
the re-infection of surrounding cells by released viral particles. 
Distribution to daughter cells, in line with cell division, is expected 
to result in sustained expression of RNP produced in multiple copies 
in the cytoplasm of infected cells. SeV vectors can be applied to 

10 a very wide range of different tissues. This broad range of 
infectivity indicates that these vectors can be applied in various 
types of antibody therapy (and analysis) . Due to their characteristic 
expression mechanism, whereby transcription and replication only 
occur in the cytoplasm, expression of the introduced gene is shown 

15 to be very high (Moriya, C. etai., FEES Lett. 425(1): 105-111 (1998); 
WOOO/70070) . 

In the present invention, "vector" refers to a carrier that 
transfers nucleic acids into cells. In the present invention, 
"(-) strand RNA virus vector" refers to a vector (carrier) that is 

20 derived from a (-) strand RNA virus, and transfers nucleic acids into 
cells. In the present invention, the (-) strand RNA virus vector may 
be an infective virus particle. Virus particle refers to a 
nucleic-acid-containing minute particle that is released from a cell 
by the action of viral proteins. Virus particles can take various 

25 forms, e.g. that of spheres or rods, depending on the viral species. 
They are significantly smaller than cells, generally in the range 
of about 10 nm to about 800 nm. Paramyxovirus viral particles are 
structured such that the above-mentioned RNP comprises the genomic 
RNA and viral proteins, and is enclosed by a lipid membrane (or 

30 envelope ) derived from the cell membrane . In the case of viruses whose 
genome includes genes that encode mutant viral proteins comprising 
amino acid substitution (s) (e.g. mutant M, HM, P, or L protein as 
described in the Examples), the viral vector can be a complex 
consisting of the genomic RNA of a (-) strand RNA virus, and the viral 

35 proteins, i.e. ribonucleoprotein (RNP). RNP can be introduced into 
target cells, for example, in combination with a desired transfection 
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reagent. Such RNP is, more specifically, a complex comprising the 
genomic RNA of a (-) strand RNA virus, N protein, P protein, and L 
protein. When RNP is introduced into cells, the viral proteins work 
to transcribe cistrons encoding viral proteins from the genomic RNA, 
5 so that the genome itself is replicated, and daughter RNPs are produced. 
Replication of the genomic RNA can be confirmed by detecting the 
increase in RNA copy nuinber using RT-PCR, Northern hybridization, 
or such. Herein, "inf ectiveness" refers to the ability to introduce 
a gene from a vector into adhered cells, by maintaining the ability 

10 of a recombinant (-) strand RNA virus vector to adhere to cells. In 
a desirable embodiment, a (-) strand RNA virus vector is maintained 
such that it can express a foreign gene. A (-) strand RNA virus vector 
of the present invention does not comprise* the replicative ability 
of a wild-type virus, because cell surface M protein aggregation has 

15 been reduced or eliminated, and particle formation suppressed. In 
the case of host cell infection by a viral vector, "replication 
ability" refers to the virus' ability to replicate in host cells, 
and to produce infective particles. Examples of host cells include 
LLC-MK2 and CV-1. 

20 A (~) strand RNA virus vector contains the genomic RNA of a 

(-) strand RNA virus. "Genomic RNA" refers to RNA that comprises the 
ability to form (-) strand RNA viral proteins along with RNP, to use 
these proteins to express genes from the genome, and to then replicate 
these nucleic acids and form daughter RNPs. A (-) strand RNA virus 

25 comprises a negative strand RNA as its genome, and this kind of RNA 
encoded carried genes in the antisense mode. In general, (-) strand 
RNA viral genomes comprise viral genes in antisense series between 
the 3 '-leader region and the 5 '-trailer region. Between the open 
reading frames for each gene, a series of sequences is present: a 

30 transcription termination sequence (E sequence), intervening 
sequence (I sequence) , and transcription initiation sequence (S 
sequence) . Thus the RNA encoding each gene's open reading frame is 
transcribed as a separate cistron. Genomic RNAs included in the 
viruses of this invention encode (in antisense mode) nucleocapsid 

35 (N) , phosphor (P) and large (L) proteins, and mutant proteins thereof . 
These proteins are necessary for the expression of genes encoded by 
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the RNAs, and for autonomous replication of the RNA themselves. In 
a preferable embodiment, the RNA does not encode matrix protein (M) , 
which is needed for the formation of viral particles / nor does it 
encode mutant M protein. The RNA may or may not encode spike proteins, 
5 which are needed for viral particle infection. In a preferable 
embodiment, the RNA comprises a mutation in at least one spike protein. 
Alternatively, the RNA does not encode at least one spike protein. 
Paramyxovirus spike proteins of include fusion protein (F protein), 
which induces fusion of cell membranes; and hemagglutinin-neuramidase 
10 protein (HN protein) , which is needed for adhesion between proteins 
and cells. 

"Recombinant" refers to a compound or composition produced via 
a recombinant polynucleotide. "Recombinant polynucleotide" refers 
to a polynucleotide that is not bound to its natural state. 

15 Specifically, recombinant polynucleotides include artificially 
rearranged polynucleotide chains, or artificially synthesized 
polynucleotides. Herein, a ''recombinant'' (-) strand RNA virus vector 
refers to a (-) strand RNA virus vector constructed by genetic 
engineering, or a {-) strand RNA virus vector obtained by amplifying 

20 this vector. Recombinant (-) strand RNA virus vectors can be generated, 
for example, by reconstituting recombinant (-) strand RNA virus cDNAs . 

Genes encoding paramyxovirus viral proteins include, for 
example, the NP, P, M, F, HN and L genes. ''NP, P, M, F, HN and L genes'' 
refer to genes encoding nucleocapsid, phospho, matrix, fusion, 

25 hemagglutinin-neuraminidase and large proteins, respectively. 
Genes of viruses belonging to the subfamily Paramyxovirinae are 
represented in general as below: The NP gene is also generally 
described as the ''N gene". 
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30 

For example, database accession numbers for nucleotide 
sequences of Sendai virus genes classified into Respiroviruses of 
the family Paramyxoviridae are: M29343, M30202, M30203, M30204, 
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M51331, M55565, M69046 and X17218 for the NP gene; M30202, M30203, 
M30204, M55565, M69046, X00583, X17007 and X17008 for the P gene; 
D11446, K02742, M30202, M30203, M30204, M69046, U31956, X00584 and 
X53056 for the M gene; D00152, D11446, D17334, D17335, M30202, M30203, 
5 M30204, M69046, X00152 and X02131 for the F gene; D26475, M12397, 
M30202, M30203, M30204, M69046, X00586, X02808 and X56131 for the 
HN gene; and D00053, M30202, M30203, M30204, M69040, X00587 and X58886 
for the L gene. 

The term ''gene" used herein means a genetic substance, which 

10 includes nucleic acids such as RNA, DNA, etc. In general, a gene may 
or may not encode a protein. In the present invention, a nucleic acid 
encoding a protein is called a protein gene. For example, a gene may 
encode a functional RNA such as a ribozyme, antisense RNA, etc. A 
gene may have a naturally derived or artificially designed sequence. 

15 Herein, '"DNA" includes single-stranded DNA and double-stranded DNA. 
The term ''encoding a protein" refers to comprising an antisense or 
sense ORF, which encodes a protein amino acid sequence, such that 
a polynucleotide can be expressed under suitable conditions. 

In the present invention, there is no particular limitation as 

20 to the (-) strand RNA virus vector to be tested or produced. Apreferred 
(-) strand RNA virus vector includes, for example, a vector exhibiting 
replicative capability, and which can self-replicate under 
conditions that ensure persistent complementation of the reduction 
or elimination of cell-surface M protein aggregation. For example, 

25 the genome of natural paramyxoviruses generally contains a short 
leader region at the 3' end, followed by six genes encoding the N, 
P, M, F, HN and L proteins, and a short 5* -trailer region at the other 
end. A paramyxovirus vector capable of self-replication can be 
produced by designing a genome comprising a structure similar to this . 

30 For example, a viral genome by which M protein localization is reduced 
or eliminated due to a mutation or deficiency in any one of these 
genes, or a viral genome comprising other genes by which M protein 
localization is reduced or eliminated, is constructed. Virus 
reconstitution is then carried out by transcribing the genome under 

35 a condition ensuring complementation of the deficiency. A vector 
expressing a foreign gene can be prepared by inserting the foreign 
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gene into the genome. In a (-) strand RNA virus vector of the present 
invention, the arrangement of the viral genes may be modified to differ 
from that of the wild-type virus. 

In the present invention's viral vector in which particle 
5 formation ability has been reduced or eliminated, viral genes may 
be further deleted or mutagenized. For example, a viral vector 
comprising an M gene containing a temperature-sensitive mutation, 
or a viral vector with reduced particle formation ability due to M 
gene deletion, may contain mutations or deletions in the HN, F, and/or 

10 other viral genes. For example, and as described in the Examples, 
the present invention facilitates production of a vector comprising 
a temperature-sensitive M gene, and further comprising an HN, F and/or 
other gene carrying a temperature-sensitive mutation, or comprising 
a deletion of an F, HN and/or other gene. In addition, a vector 

15 comprising an M-gene deletion, and in which an F and/or HN gene has 
been deleted or carries mutations such as temperature-sensitive 
mutations, can be produced. When these vectors comprise a 
temperature-sensitive mutation, they are reconstituted at a 
permissive temperature. When a gene is deleted or deficient, 

20 reconstitution is carried out by supplying, in a trans-acting fashion, 
gene products comprising normal function. For example, genes 
encoding these gene products are chromosomally integrated into host 
cells, an expression vector coding the vector genome is introduced 
and expressed, the gene products are thus supplied to the host cells, 

25 and vector reconstitution can be carried out . The amino acid sequences 
of such gene products are not restricted to the virus-derived sequences 
themselves. If the nucleic acid-introducing activity of the viral 
vector to be produced is equivalent to or greater than that of the 
natural type, a mutation may be introduced into the sequence, or a 

30 homologous gene derived from another virus may be used instead of 
that sequence. 

Furthermore, it is possible to prepare a vector that contains, 
as an envelope, a protein different from the envelope protein of the 
virus from which the vector genome is derived. For example, when 
35 reconstituting a viral vector, a virus comprising a desired envelope 
protein can be produced by expressing in cells an envelope protein 
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different to that encoded by the viral genome on which the vector 
is based. Such a protein is not particularly restricted, and for 
example includes envelope proteins from other viruses, e.g., G protein 
(VSV-G) from vesicular stomatitis virus (VSV) . The (-) strand RNA 
5 virus vector of the present invention includes pseudo-type viral 
vectors comprising envelope proteins such as VSV-G protein, derived 
from viruses other than the virus from which the genome is derived. 

For example, (-) strand RNA virus vectors of the present 
invention include those comprising, on the surface of their envelope, 

10 proteins such as adhesion factors, ligands, and receptors, capable 
of adhering to specific cells. These proteins can also include, for 
example, chimeric proteins that comprise such proteins in 
extracellular regions, or that comprise viral envelope-derived 
polypeptides in intracellular regions . In this way, vectors targeting 

15 specific tissues can be created. These proteins may be encoded in 
the viral genome, or supplied on viral vector reconstitution by the 
expression of genes other than those in the genome (e.g. other 
expression vectors or host chromosome genes) . 

. Viral genes comprised by the (-) strand RNA virus vector of this 

20 invention may be modified from wild- type genes in order to, for example, 
reduce immunogenicity by vector-derived viral proteins, or to enhance 
RNA transcription and replication efficiency. Specifically, in 
paramyxoviral vectors for example, transcription or replication 
functions can be enhanced by modifying at least one of the replication 

25 factors: NP gene, P/C gene, and L gene. The structural protein HN 
comprises both hemagglutinin and neuraminidase activities. If, for 
example, the activity of the former can be reduced, the stability 
of the virus in blood can be enhanced. If, for example, the activity 
of the latter can be modified, infectivity can be regulated. Membrane 

30 fusion ability can be regulated by modifying the F protein, which 
is involved in membrane fusion. For example, by using analysis of 
the antigen-presenting epitopes and such of possible cell surface 
antigenic molecules, such as the F and HN proteins, a viral vector 
with weakened antigen-presenting ability against these proteins can 

35 be created. 

A viral vector with a deficient accessory gene can be used as 
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the ( - ) strand RNA virus vector of the present invention . For example ^ 
by knocking out the V gene, an SeV accessory gene, SeV pathogenicity 
to hosts such as mice is markedly decreased without damaging gene 
expression and replication in cultured cells (Kato, A. et al., 1997, 
5 J. Virol. 71: 7266-7272; Kato, A, et al., 1997, EMBO J. 16:578-587; 
Curran, J. et al., WOOl/04272, EP1067179) . This kind of attenuated 
vector is particularly preferred as a viral vector for in vivo or 
ex vivo gene transfer. 

The genomic RNA of a viral vector of the present invention may 

10 include RNA encoding a foreign gene. Recombinant viral vectors 
comprising foreign genes can be obtained by inserting these foreign 
genes into the viral vector genome. Any gene whose expression is 
desired in target cells may be used as the foreign gene. The foreign 
gene may be a gene encoding a natural protein, or a gene modified 

15 by deletion, substitution, or insertion, as long as it encodes a 
protein functionally equivalent to the natural protein. 
Alternatively, it may encode a deletion-type natural protein, or an 
artificial protein, or the like. For example, if gene therapy is 
intended, a gene for treating the target disease is inserted into 

20 the viral vector DNA. If a foreign gene is inserted into the viral 
vector DNA, for example, into the Sendai virus vector DNA, it is 
preferable to insert a sequence comprising a nucleotide number of 
multiple six between the transcription termination sequence (E) and 
transcription initiation sequence (S) , etc. (Journal of Virology, 

25 Vol. 67, No. 8, 1993, p. 4822-4830) . Foreign genes may be inserted 
before and/or after each viral gene (e.g. the NP, P, M, F, HN and 
L genes) . The E-I-S sequence (transcription termination 
sequence-intervening sequence-transcription initiation sequence) or 
portion thereof is appropriately inserted before or after a foreign 

30 gene, and an E-I-S sequence unit is located between each gene so as 
to avoid interference with the expression of genes before and/or after 
the foreign gene. Alternatively, foreign genes can be inserted using 
IRES. 

Expression level of the inserted gene can be regulated by the 
35 type of transcription initiation sequence added upstream of the gene 
(WOOl/18223) , as well as by the site of gene insertion and the 
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nucleotide sequences before and after the gene. In the example of 
the Sendai virus^ the closer the insertion site is to the 3' -end of 
the negative-strand RNA of the viral genome (in the gene arrangement 
of the wild type viral genome, the closer to the NP gene) , the greater 
5 the expression of the inserted gene. To achieve high level expression 
of an inserted gene, the gene is preferably inserted into an upstream 
region (the 3' -side in the minus-strand), such as upstream of the 
NP gene (the 3' -side in the negative-strand) or between the NP and 
P genes. Conversely, the closer insertion is to the 5' -end of the 

10 negative-strand RNA (in the gene arrangement of the wild type viral 
genome, the closer to the L gene), the greater the reduction in 
expression of the inserted gene. To suppress foreign gene expression 
to a low level, the foreign gene is inserted, for example, to the 
far most 5' -side of the negative-strand, that is, downstream of the 

15 L gene in the wild type viral genome (the 5' -side adjacent to the 
L gene in the negative-strand) or upstream of the L gene (the 3' -side 
adjacent to the L gene in the negative-strand) . Thus, the insertion 
position of a foreign gene can be properly adjusted so as to obtain 
a desired level of gene expression, or so as to optimize the combination 

20 of the foreign gene and the viral protein-encoding genes before and 
after it. Take, for example, the case where toxicity may be caused 
by overexpression of a gene introduced by inoculation using a high 
titer viral vector. In such a case, an appropriate therapeutic effect 
can be achieved not only by limiting the titer of the virus to be 

25 inoculated, but also by, for example, reducing the expression level 
of individual viral vectors, by inserting the gene into the vector 
at a position as close as possible to the 5' -terminus of the 
negative-strand genome, or by replacing the transcription initiation 
sequence with a less efficient sequence. 

30 High expression of a foreign gene is generally advantageous, 

so long as cytotoxicity does not occur . Thus it is preferable to ligate 
the foreign gene with a highly efficient transcription initiation 
sequence, and to insert the gene near the 3' -terminus of the 
negative-strand genome. Examples of preferable vectors include 

35 vectors where the foreign gene is located on the 3' -side of any of 
the viral protein genes in the negative-strand genome of the (-) strand 
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RNA virus vector. For example, a vector in which the foreign gene 
is inserted upstream (at the 3' -side of the N gene-encoding sequence 
in the negative-strand) of the N gene is preferable. Alternatively, 
the foreign gene may be inserted immediately downstream of the N gene. 
5 A foreign gene may also be inserted into the genomic region from which 
a viral gene, such as the M and/or F genes, has been deleted. 

To simplify foreign gene insertion, a cloning site may be 
designed at the insertion point of the genome-encoding vector DNA. 
For example, the cloning site can be a restriction enzyme recognition 

10 sequence. A cloning site may also be a so-called multi-cloning site, 
comprising multiple restriction enzyme recognition sequences. The 
(-) strand RNA viral vectors of this invention may also retain other 
foreign genes at insertion sites other than these. 

In order to produce a (-) strand RNA virus vector, cDNA encoding 

15 the (-) strand RNA virus' genomic RNA is transcribed in mammalian cells, 
in the presence of viral proteins necessary for the reconstitution 
of RNP which comprises the (-) strand RNA virus' genomic RNA, i.e., 
in the presence of N, P, and L proteins. The viral RNP may be 
reconstituted by forming a negative strand genome (i.e., the antisense 

20 strand that is the same as the viral genome) or a positive strand 
(the sense strand encoding the viral proteins) . For improved 
reconstitution efficiency, formation of the positive strand is 
preferable. The 3 '-leader and 5 '-trailer sequence at the RNA ends 
is preferably reflects the natural viral genome as accurately as 

25 possible. To accurately control the 5 '-end of the transcription 
product, a T7 RNA polymerase recognition sequence may be used as a 
transcription initiation site to express the RNA polymerase in cells . 
The 3 ' -end of the transcription product can be controlled, for example, 
by encoding a self-cleaving ribozyme onto this 3 '-end, ensuring it 

30 is accurately cut (Hasan, M. K. et ai., J. Gen. Virol. 78 : 2813-2820 
(1997); Kato, A. et ai., EMBO J. 16: 578-587 (1997); and Yu, D. et 
al.. Genes Cells 2: 457-466 (1997)). 

Recombinant Sendai virus vectors comprising a foreign gene can 
be constructed according to, for example, the descriptions in "'Hasan, 

35 M. K. etai., J. Gen. Virol. 78: 2813-2820, 1997", "'Kato, A. etal., 
1997, EMBO J. 16: 578-587" and ""Yu, D. et al., 1997, Genes Cells 2: 
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457-466". This method is outlined below: 

To introduce a foreign gene^ a DNA sample comprising the cDNA 
nucleotide sequence of the desired foreign gene is first prepared. 
The DNA sample is preferably identified as a single plasmid 
5 electrophoretically at a concentration of 25 ng/vil or more. The 
following example describes the use of the NotI site in the insertion 
of a foreign gene into DNA encoding viral genomic RNA: If the target 
cDNA nucleotide sequence comprises a NotI recognition site, this site 
should be removed beforehand using a technique such as site-specific 

10 mutagenesis to change the nucleotide sequence, without changing the 
amino acid sequence it codes. The desired gene fragment is amplified 
and recovered from this DNA sample using PGR. By attaching NotI sites 
to the 5 '-regions of the two primers, both ends of the amplified 
fragment become NotI sites . The E-I-S sequence (or its part, depending 

15 on the insertion site) is arranged such that it can be included in 
the primer, so that E-I-S sequence units can be placed between the 
ORFs either side of the viral genes, and the ORF of the foreign gene 
(after it has been incorporated into the viral genome) . 

For example, to assure cleavage by NotI, the forward side 

20 synthetic DNA sequence is arranged as follows: Two or more nucleotides 
(preferably four nucleotides excluding sequences such as GCG and GCC 
that are derived from the NotI recognition site; more preferably ACTT) 
are randomly selected on its 5' -side, and a NotI recognition site 
''gcggccgc" is added to its 3' -side. In addition, a spacer sequence 

25 (nine random nucleotides, or nucleotides of nine plus a multiple of 
six) and an ORF (a sequence equivalent to about 25 nucleotides and 
comprising the initiation codon ATG of the desired cDNA) are also 
added to the 3' -side. About 25 nucleotides are preferably selected 
from the desired cDNA, such that G or C are the final nucleotides 

30 on the 3' -end of the forward side synthetic oligo DNA. 

The reverse side synthetic DNA sequence is arranged as follows: 
Two or more random nucleotides (preferably four nucleotides excluding 
sequences such as GCG and GCC that originate in the NotI recognition 
site; more preferably ACTT) are selected from the 5' -side, a NotI 

35 recognition site ''gcggccgc" is added to the 3' -side, and an oligo 
DNA insertion fragment is further added to the 3' -side in order to 
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regulate length. The length of this oligo DNA is designed such that 
the nuinber of nucleotides in the final PCR-amplif ied NotI fragment 
product, which comprises the E-I-S sequence, becomes a multiple of 
six (the so-called ''rule of six''; Kolakofski, D. et al., J. Virol. 
5 72: 891-899, 1998; Calain, P. and Roux, L., J. Virol. 67: 4822-4830, 
1993; Calain, P. and Roux, L., J. Virol. 67: 4822-4830, 1993). A 
sequence complementary to the Sendai virus S sequence, preferably 
5'-CTTTCACCCT-3' (SEQ ID NO: 1), a sequence complementary to the I 
sequence, preferably 5'-AAG-3', and a sequence complementary to the 

10 E sequence, preferably 5' -TTTTTCTTACTACGG-3' (SEQ ID NO: 2), are 
further added to the 3' -side of the inserted fragment. The 3' -end 
of the reverse side synthetic oligo DNA is formed by the addition 
of a complementary sequence, equivalent to about 25 nucleotides 
counted in reverse from the termination codon of the desired cDNA, 

15 and whose length is selected such that G or C becomes the final 
nucleotide . 

PGR can be carried out according to the usual method with, for 
"* example, ExTaq polymerase (Takara Shuzo) . PGR is preferably 
performed using Vent polymerase (NEB) , and more preferably Pfu 

20 polymerase (Toyobo) . Desired fragments thus amplified are digested 
with NotI, and then inserted into the NotI site of the plasmid vector 
pBluescript. The nucleotide sequences of PGR products thus obtained 
are confirmed using a sequencer to select a plasmid comprising the 
right sequence. The inserted fragment is excised from the plasmid 

25 using NotI, and cloned to the NotI site of the plasmid carrying the 
genomic cDNA. Alternatively, recombinant Sendai virus cDNA can be 
obtained by directly inserting the fragment into the NotI site, without 
the mediation of the plasmid vector. 

For example, a recombinant Sendai virus genome cDNA can be 

30 constructed according to the method described in the references (Yu, 
D. et al., Genes Cells 2: 457-466, 1997; Hasan, M. K. et ai., J. Gen. 
Virol. 78: 2813-2820, 1997). For example, an 18-bp spacer sequence 
comprising a NotI restriction site (5 ' - (G) -GGGCCGCAGATCTTCACG-3 • ) 
(SEQ ID NO: 3) is inserted into a cloned Sendai virus genome cDNA 

35 (pSeV( + ) ) between the leader sequence and the ORF encoding N protein, 
and thus a plasmid pSeV18'^b( + ) containing a self-cleaving ribozyme 
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site derived from the antigenomic strand of delta-hepatitis virus 
is obtained (Hasan, M. K. et al., 1997, J. General Virology 78: 
2813-2820) . 

For example, in the case of M gene deletion, or introduction 
5 of a temperature-sensitive mutation to the M gene, the (-) strand virus' 
full genome cDNA is digested by a restriction enzyme, and the M 
gene-comprising fragments are collected and cloned into an 
appropriate plasmid. M gene mutagenesis or construction of an M 
gene-deficient site is carried out using this plasmid. The 

10 introduction of a mutation can be carried out, for example, using 
a QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 
CA) according to the method described in the kit directions. For 
example, M gene deficiency or deletion can be carried out using a 
combined PCR-ligation method, whereby deletion of all or part of the 

15 M gene ORF, and ligation with an appropriate spacer sequence, can 
be achieved- After obtaining an M gene-mutated or -deleted sequence 
of interest, fragments comprising the sequence are recovered, and 
the M gene region in the original full length cDNA is substituted 
by this sequence. Thus, viral genome cDNA or the like, comprising 

20 a temperature-sensitive mutant M gene, can be prepared . Using similar 
methods, mutation can be introduced into, for example, F and/or HN 
genes . 

A (-) strand RNA virus vector in which particle formation ability 
has been reduced or eliminated can be produced by transcribing the 

25 DNA encoding the (-) strand RNA virus vector genome, and reconstituting 
the vector in cells under a condition ensuring the persistent 
complementation of the reduction or elimination of M protein 
localization. The present invention provides a DNA encoding the 
(-) strand RNA virus vector genome, to be used in the method of the 

30 present invention for producing recombinant (-) strand RNA virus 
vectors in which particle formation ability has been reduced or 
eliminated. Further, the present invention relates to the use of 
vector genome-encoding DNA for the present invention' s method for 
producing recombinant (-) strand RNA virus vectors in which particle 

35 formation ability has been reduced or eliminated. Viral 
reconstitution from the viral vector DNA can be carried out using 
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a known method (W097/16539; W097/16538; Durbin, A. P. etal., 1991, 
Virology 235: 323-332; Whelan, S. P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M. J. et al., 1994, EMBO J. 13: 
4195-4203; Radecke, F. etal., 1995, EMBO J. 14: 5773-5784; Lawson, 
5 N. D. et al., Proc. Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. 
et al., 1995, EMBO J. 14: 6087-6094; Kato, A. et al., 1996, Genes 
Cells 1: 569-579; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 
1265-1271; Bridgen, A. and Elliott, R. M., 1996, Proc. Natl. Acad. 
Sci.USA 93: 15400-15404). Using these methods, (-) strand RNA viruses , 
10 or RNP as viral components, can be reconstituted from their DNA, 
including viruses such as parainfluenza virus, vesicular stomatitis 
virus, rabies virus, measles virus, rinderpest virus, Sendai virus, 
etc. 

Specifically, a recombinant (-) strand RNA virus vector can be 

15 produced by (a) transcribing a vector DNA encoding the negative strand 
RNA derived from a (-) strand RNA virus, or the complementary strand 
(positive strand) thereof, into cells expressing NP, P, and L proteins 
(helper cells), and (b) culturing these cells, or cells into which 
the viral vector obtained from these cells or its RNP constituent 

20 has been introduced, under a condition ensuring persistent 
complementation of the reduction or elimination of subcellular M 
protein localization (for example, the reduction or elimination of 
cell-surface M protein aggregation) , and then recovering viral 
particles from this culture supernatant. The RNA transcribed from 

25 the vector DNA forms an RNP complex with NP, L, and P proteins, and 
further viral particles, coated with the capsid containing the 
envelope protein, are formed in step (b) . In the present invention, 
the culture in step (b) is preferably carried out at a low temperature, 
specifically, at 35°C or lower, more preferably at 34°C or lower, 

30 further preferably at 33''C or lower, most preferably at 32°C or lower. 

When a temperature-sensitive mutant protein is used, culturing 
the above cells ''under a condition ensuring persistent 
complementation of the reduction or elimination of subcellular M 
protein localization" means, specifically, culturing these cells at 

35 a permissive temperature. When producing a virus carrying a gene 
deficiency (or deletion) mutation, this means, for example, culturing 
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under a condition where the wild-type gene, or a gene comprising a 
function equivalent thereto, is persistently expressed, and more 
specifically, for example, culturing under a condition where such 
a gene(s) has been integrated in the chromosome of helper cells and 
5 is expressed. 

The DNA encoding the viral genome (vector DNA) which is to be 
expressed in the helper cells encodes the genome minus strand (negative 
strand RNA) or its complementary strand (positive strand RNA) . For 
example, the DNA encoding the negative strand RNA or its complementary 

10 strand is placed downstream of a T7 promoter, and then transcribed 
into RNA using T7 RNA polymerase. A desired promoter that does not 
comprise the T7-polymerase recognition sequence can also be used. 
Alternatively, in-vitro transcribed RNA may be transfected into the 
helper cells . The strand to be transcribed in cells may be the positive 

15 or negative strand of the viral genome, but to increase reconstitution 
efficiency, the positive strand is preferably transcribed. 

Methods for transferring vector DNA into cells include the 
following: 1) the method of preparing DNA precipitates that can be 
taken up by objective cells; 2) the method of preparing a positively 

20 charged DNA-comprising complex which has low cytotoxicity and can 
be taken up by target cells; and 3) the method of using electric pulses 
to instantaneously open holes in target cell membranes so that DNA 
molecules can pass through. 

In the above method 2) , a variety of transfection reagents can 

25 be utilized, examples being DOTMA (Boehringer) , Superfect (QIAGEN 
#301305), DOTAP, DOPE, DOSPER (Boehringer #1811169) , etc. An example 
of method 1) is a transfection method using calcium phosphate, in 
which DNA that enters cells is incorporated into phagosomes, but is 
also incorporated into the nuclei in sufficient amounts (Graham, F. 

30 L. and Van Der Eb, J. , 1973, Virology 52 : 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223). Chen and Okayama have investigated the 
optimization of the transfer technique, reporting that optimal 
precipitates can be obtained under conditions where 1) cells are 
incubated with co-precipitates in an atmosphere of 2% to 4% CO2 at 

35 35°C for 15 to 24 hours; 2) circular DNA with a higher activity than 
linear DNA is used; and 3) DNA concentration in the precipitate mixture 
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is 20 to 30 )ig/ml (Chen, C. and Okayama, H., 1987, Mol. Cell. Biol. 
7: 2745). Method 2) is suitable for transient transfection. In an 
older known method, a DEAE-dextran (Sigma #D-9885, M.W. 5x10^) mixture 
is prepared in a desired DNA concentration ratio, and transfection 
5 is performed. Since many complexes are decomposed inside endosomes, 
chloroquine may be added to enhance results (Calos, M. P., 1983, Proc. 
Natl. Acad. Sci. USA 80: 3015). Method 3) is referred to as 
electroporation, and is more versatile than methods 1) and 2) because 
it doesn' t involve cell selectivity. Method 3) is said to be efficient 

10 when conditions are optimal' for pulse electric current duration, pulse 
shape, electric field potency (the gap between electrodes, voltage) , 
buffer conductivity, DNA concentration, and cell density. 

Of the above three categories, method 2) is easily operable, 
and facilitates examination of many test samples using a large numbers 

15 of cells. Transfection reagents are therefore suitable for cases 
where DNA is introduced into cells for vector reconstitution. 
Preferably, Superfect Transfection Reagent (QIAGEN, Cat. No. 301305) 
or DOSPER Liposomal Transfection Reagent (Roche, Cat. No. 1811169) 
is used, but the transfection reagents are not limited thereto. 

20 Specifically, the reconstitution of viral vectors from cDNA can 

be performed, for example, as follows: 

Simian kidney-derived LLC-MK2 cells are cultured to 70% to 80% 
confluency in 24-well to 6-well plastic culture plates, or 100 mm 
diameter culture dishes and such, using a minimum essential medium 

25 (MEM) containing 10% fetal calf serum (FCS) and antibiotics (100 
units/ml penicillin G and 100 |ig/ml streptomycin) . These cells are 
then infected, for example, at 2 PFU/cell with recombinant vaccinia 
virus VTF7-3 expressing T7 polymerase. This virus has been 
inactivated by UV irradiation treatment for 20 minutes in the presence 

30 of 1 |ag/ml psoralen (Fuerst, T. R. et ai., Proc. Natl. Acad. Sci. 
USA 83: 8122-8126, 1986; Kato, A. et al,. Genes Cells 1: 569-579, 
1995) . The amount of psoralen added and the UV irradiation time can 
be appropriately adjusted. One hour after infection, the lipofection 
method or the like is used to transfect cells with 2 ^ig to 60 jig, more 

35 preferably 3 \xg to 30 jxg, of the above-described DNA, which encodes 
the genomic RNA of the recombinant Sendai virus in which particle 
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formation ability has been reduced or eliminated. Such methods use 
Superfect (QIAGEN) , and plasmids which express the trans-acting viral 
proteins required for the production of viral RNP (0 . 5 jig to 24 jig 
of pGEM-N, 0.5 Jig to 12 jig of pGEM-P and 0.5 |ig to 24 jig of pGEM-L, 
5 more preferably, for example, 1 )ig of pGEM-N, 0.5 |ig of pGEM-P and 
1 Jig of pGEM-L) (Kato, A. at al., Genes Cells 1: 569-579, 1996) . The 
ratio of expression vectors encoding N, P, and L is preferably 2:1:2. 
The amount of plasmid is appropriately adjusted, for example, to 1 
Jig to 4 Jig of pGEM-N, 0 . 5 jig to 2 jig of pGEM-P, and 1 jig to 4 |ig of 

10 pGEM-L. If genes necessary for particle formation are co-transf ected 
at the time, the formed viral particles re-infect helper cells, and 
the virus can be further amplified. The transf ected cells are cultured 
in a serum-free MEM containing 100 jig/ml each of rifampicin (Sigma) 
and cytosine arabinoside (AraC) if desired, more preferably 

15 containing only 40 jig/ml of cytosine arabinoside (AraC) (Sigma) . 
Reagent concentrations are optimised for minimum vaccinia 
virus-caused cytotoxicity, and maximum recovery rate of the virus 
(Kato, A. et al., 1996, Genes Cells 1, 569-579) . After transf ection, 
cells are cultured for about 48 hours to about 72 hours, recovered, 

20 and then disrupted by three repeated freezing and thawing cycles. 
LLC-MK2 cells are re-transf ected with the disrupted cells, and then 
cultured under a condition where the reduction or elimination of 
subcellular M protein localization is persistently complemented. In 
this process, viral particles are formed, and the virus is amplified. 

25 Alternatively, the culture supernatant can be recovered and added 
to the culture medium of cells being cultured for viral production. 
The cells are cultured for three to seven days under a condition where 
the reduction or elimination of subcellular M protein localization 
is persistently complemented, and the culture solution is then 

30 collected. 

RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and a polycationic liposome . Specifically, 
a variety of transfection reagents can be utilized. Examples of these 
are DOTMA (Roche), Superfect (QIAGEN #301305), DOTAP, DOPE, DOSPER 
35 (Roche #1811169), etc. Chloroquine may be added to prevent RNP 
decomposition in endosomes (Calos, M. P., 1983, Proc. Natl. Acad. 
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Sci. USA 80: 3015) . 

When reconstituting a viral vector deficient in the gene 
encoding the envelope protein, LLC-MK2 cells expressing the envelope 
protein may be used for transf ection, or co--transf ected with an 
5 envelope-expression plasmid. Alternatively, the viral vector can be 
amplified by overlaying the transfected cells onto LLC-MK2 cells 
expressing the envelope protein, and culturing these cells under a 
condition where the reduction or elimination of subcellular M protein 
localization is persistently complemented (see WOOO/70055 and 

10 WOOO/70070) . Alternatively, the above-mentioned cell lysate . 
obtained by f reeze-thawing may be inoculated through the allantoic 
membrane into 10-day old embryonated chicken eggs, which are 
maintained under a condition where the reduction or elimination of 
subcellular M protein localization is persistently complemented, and 

15 the allantoic fluids are recovered after approximately three days. 
Viral titers in culture supernatants or allantoic fluids can be 
determined by assaying hemagglutination activity (HA) . HA can be 
determined by the ''endo-point dilution method'' (Kate, A. etai., 1996, 
Genes Cells 1: 569-579; Yonemitsu, Y. & Kaneda, Y., Hemaggulutinating 

20 virus of Japan-liposome-mediated gene delivery to vascular cells - 
Ed. by Baker AH. Molecular Biology of Vascular Diseases. Method in 
Molecular Medicine : Humana Press: pp. 295-306, 1999) . The allantoic 
fluid samples obtained are suitably diluted to remove potentially 
contaminated T7 polymerase expressing-vaccinia virus (for example, 

25 diluted 10^ times) . The viruses can be amplified again in chicken 
eggs under a condition where the reduction or elimination of 
subcellular M protein localization is persistently complemented. 
Re-amplification can be repeated, for example, three times or more. 
The viral stock obtained can be stored at -80°C. 

30 Potency of the recovered virus can be determined, for example, 

by measuring Cell-Infected Units (CIU) or hemagglutination activity 
(HA) (WOOO/70070; Kato, A. at al., Genes Cells 1: 569-579 (1996); 
Yonemitsu, Y. and Kaneda, Y., "Hemaggulutinating virus of 
Japan-liposome-mediated gene delivery to vascular cells.", Ed. by 

35 Baker, A. H., Molecular Biology of Vascular Diseases. Methods in 
Molecular Medicine. , Humana Press . , pp. 295-306 (1999)). In the case 
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of vectors labeled with a marker gene, such as the green fluorescent 
protein (GFP) gene, the virus titer is quantified by directly counting 
infected cells using the marker as an indicator (e.g., as GFP-CIU) . 
Titers thus determined can be considered equivalent to CIU 
5 {WOOO/70070) . 

Host cells used for reconstitution are not restricted as long 
as the viral vector can be reconstituted. For example, in the 
reconstitution of the Sendai virus vector and such, monkey 
kidney-derived LLCMK2 cells and CV-1 cells, cultured cells such as 

10 hamster kidney-derived BHK cells, human-derived cells, and so on, 
can be used. By expressing a suitable envelope protein in these cells, 
infective virions comprising this protein in the envelope can be 
obtained. Large amounts of a viral vector can be obtained by infecting 
the viral vector obtained from the above host into embryonated chicken 

15 eggs, to amplify this vector under a condition where the reduction 
or elimination of subcellular M protein localization is persistently 
complemented. The method of producing viral vectors using chicken 
eggs has already been developed ( ''Shinkei-kagaku Kenkyu-no Saisentan 
Protocol III, Bunshi Shinkei Saibou Seirigaku (Leading edge 

20 techniques protocol III in neuroscience research. Molecular, Cellular 
Neurophysiology)'', edited by Nakanishi, etal., KOSEISHA, Osaka, 1993, 
pp. 153-172) . Specifically, for example, fertilized eggs are moved 
to an incubator, and the embryo is grown under culture for nine to 
twelve days at 37 °C to 38 "^C. The viral vector is then inoculated into 

25 the allantoic membrane cavity, the egg is incubated for a few days 
to proliferate the viral vector, and the allantoic fluid containing 
the virus is then collected. Conditions such as culture duration 
change according to the recombinant virus amplified. Separation and 
purification of the viral vector from the allantoic fluid is done 

30 according to the usual methods (''Protocols of Virology" by Masato 
Tashiro, edited by Nagai and Ishihama, Medical View, pp. 68-73, 
(1995)) . 

Specifically, for example, when intending to reconstitute a 
recombinant (-) strand RNA virus vector comprising a 
35 temperature-sensitive mutant M gene with which subcellular M protein 
localization is reduced or eliminated, the virus can be produced 
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through the steps of (a) transcribing a vector DNA encoding the 
negative strand RNA derived from the (-) strand RNA virus, or the 
complementary strand thereof (positive strand) , in cells expressing 
NP, P, and L proteins (helper cells), and (b) culturing these cells, 
5 or cells in which the viral vector obtained from these cells or the 
RNP constituent thereof has been introduced, at a permissive or lower 
temperature, and recovering viral particles from the culture 
supernatant. In the present invention, particularly, it is 
preferable to carry out the culture of step (b) at a permissive or 
10 lower temperature. That is, 35 °C or lower, more preferably 34 °C or 
lower, further preferably 33°C or lower, most preferably 32°C or lower . 

A (-) strand RNA virus vector, in which M protein has been deleted, 
can be constructed and prepared as follows: 

<1> Construction of an M-deleted (-) strand RNA viral genome cDNA and 

15 M-expression plasmid 

The full-length genome cDNA of a (-) strand RNA virus is digested 
with restriction enzymes, and fragments containing the M gene are 
recovered and cloned into pUC18- The M gene deletion site is built 
in this plasmid. The M gene is deleted by the combined use of PGR 

20 and a ligation method. The M gene ORF is removed, and the remainder 
is ligated together with an appropriate spacer sequence. Thus, 
M-deleted genomic cDNA is constructed. DNAs encoding the genome 
regions upstream and downstream of the M gene are amplified using 
PGR, and these fragments are then ligated to produce a plasmid 

25 containing the full-length M-deleted (-) strand RNA viral genome cDNA. 
A foreign gene can be inserted, for example, into a restriction site 
within the M-deleted site. 

<2> Preparation of helper cells expressing the (-) strand RNA virus 
M protein in an inducible fashion 

30 To prepare a vector in which it is possible to express the 

(-) strand RNA virus M protein in an inducible fashion, for example, 
inducible promoters or expression regulating systems using 
recombination (such as Gre/loxP) are used. A Cre/loxP inducible 
expression plasmid directing expression of the (-) strand RNA viral 

35 M gene is constructed by amplifying the (-) strand RNA virus M gene 
using PGR, and for example, inserting it at a unique Swal site in 
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plasmid pCALNdlw, which has been designed to inducibly express gene 
products using Cre DNA recombinase (Arai, T. et al., J. Virology 12, 
1998, plll5-1121) . 

In order to recover infectious viral particles from an 
5 M-deficient genome, a helper cell line capable of persistently 
expressing M protein is established. For example, the monkey 
kidney-derived cell line LLC-MK2 or the like can be used for such 
cells. LLC-MK2 cells are cultured at 37^*0 in MEM containing 10% 
heat-treated immobilized fetal bovine serum (FBS) , 50 units/ml sodium 

10 penicillin G, and 50 |Lig/ml streptomycin, under an atmosphere of 5% 
CO2. The above-mentioned plasmid, which has been designed to 
inducibly express the M gene products with Cre DNA recombinase, is 
introduced into LLC-MK2 cells using a calcium-phosphate method 
(mammalian transfection kit (Stratagene) ) according to known 

15 protocols. 

For example, 10 \xq of M-expression plasmid is transfected into 
LLC-MK2 cells grown to be 40% confluent in a 10-cm plate. These cells 
are then incubated in an incubator at 37 °C, in 10 ml of MEM containing 
10% FBS and under 5% CO2. After 24 hours of incubation, the cells 

20 are harvested and suspended in 10 ml of medium. The suspension is 
then plated onto five dishes of 10-cm diameter: 5 ml of the suspension 
are added to one dish, 2 ml to two dishes, and 0.2 ml to two dishes. 
The cells in each dish are cultured with 10 ml of MEM containing 10% 
FBS and 1200 )ig/ml G418 (GIBCO-BRL) for 14 days; the medium is changed 

25 every two days. Thus, cell lines in which the gene has been stably 
introduced are selected. The G418-resistant cells grown in the medium 
are harvested using cloning rings. Cells of each clone harvested are 
further cultured to confluence in a 10-cm plate. 

High level expression of M protein in helper cells is important 

30 in recovering a high titer virus. For this purpose, for example, the 
above selection of M-expressing cells is preferably carried out twice 
or more. For example, an M-expressing plasmid comprising a 
drug- resistance marker gene is transfected, and cells comprising the 
M gene are selected using the drug. Following this, an M-expressing 

35 plasmid comprising a marker gene resistant to a different drug is 
transfected into the same cells, and cells are selected using this 
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second drug-resistance marker. Cells selected using the second 
marker are likely to express M protein at a higher level than cells 
selected after the first transfection . Thus, M-helper cells 
constructed through twice-repeated transf ections can be suitably 
5 applied. Since the M-helper cells can simultaneously express the F 
gene, production of infective viral particles deficient in both F 
and M genes is possible (see Examples) . In this case also, 
transfection of the F-gene-expressing plasmids more than twice is 
preferable in raising the level of F protein expression induction. 

10 M protein induction expression is achieved by incubating cells 

to confluence in a 6-cm dish, and then, for example, infecting these 
cells with adenovirus AxCANCre at M0I='-3, according to the method 
of Saito et ai. (Saito et al. , Nucl. Acids Res. 23: 3816-3821 (1995) ; 
Arai, T. et ai., J. Virol, 72, 1115-1121 (1998)). 

15 <3> Reconstitution and amplification of an M-deleted virus 

To produce recombinant M-deficient (-) strand RNA virus 
particles using cells that express wild-type M protein or an equivalent 
protein (M helper cells), the M-deficient (-) strand RNA virus RNP 
may be introduced into or produced in these cells. RNP can be 

20 introduced into M helper cells, for example, by the transfection of 
RNP-containing cell lysate into M* helper cells, or by cell fusion 
induced by the co-cultivation of RNP-producing cells and M helper 
cells. It can also be achieved by transcribing genomic RNA into M 
helper cells and conducting de novo RNP synthesis the presence of 

25 N, P, and L proteins. A recombinant viral vector can be reconstituted 
and produced from a (-) strand RNA viral genome cDNA in which the M 
gene has been deleted. Specifically, this can be achieved by (a) 
transcribing a vector DNA encoding the M gene-deleted negative strand 
RNA (derived from the (-) strand RNA virus or the complementary strand 

30 thereof (positive strand) ) in cells expressing NP, P, and L proteins 
(helper cells), and (b) culturing these cells, or cells in which the 
viral vector obtained from these cells or the RNP constituent thereof 
has been introduced, under a condition ensuring expression of the 
chromosomally integrated M gene in these or the transfected cells, 

35 and then recovering viral particles from the culture supernatant. 
In the present invention, it is particularly preferable to carry out 
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the culture of step (b) at a permissive or lower temperature. Such 
a temperature can be SS^'C or less, more preferably 34 ''C or less, further 
preferably 33**C or less, most preferably 32°C or less. In the 
production of a vector using a temperature-sensitive mutant M protein, 
5 the process of producing viral particles is necessarily carried out 
at less than the permissive temperature. However, surprisingly, the 
present inventors found that in the present method, efficient particle 
production was possible when the process of viral particle formation 
was carried out at low temperatures, even when using the wild-type 

10 M protein. In step (a), the expression of NP, P, and L proteins can 
be achieved, for example, by transfecting the expression plasmids 
encoding these proteins into cells. Further, in step (a), M protein 
may be expressed in the helper cells (in the case of an F and/or HN 
gene-deficient virus, these genes may also be expressed) (see the 

15 Examples) . Alternatively, the cells to be used in step (b) , in which 
the M gene has been chromosomally integrated, can also be used in 
step (a) . RNP produced in step (a) can be introduced into the cells 
in step (b) , for example, by disrupting the cells of step (a) by 
f reeze-thawing, and then introducing the lysate into the cells of 

20 step (b) using known transfection reagents. 

Specifically, for example, a plasmid encoding the above 
M-deleted (-) strand RNA viral genome is transfected into LLC-MK2 cells 
as follows: When inducing the transcription of genomic RNA using T7 
RNA polymerase, LLC-MK2 cells are plated in a 100-mm Petri dish at 

25 5x10^ cells/dish, and cultured for 24 hours. The cells are then 
infected at room temperature for one hour with T7 RNA 
polymerase-expressing recombinant vaccinia virus ( PLWUV-VacT7 ) 
(M0I=2), which has been treated with psoralen and long-wavelength 
ultraviolet light (365 nm) for 20 minutes (MOI=2-3, and preferably 

30 M0I=2 can also be used) (Fuerst, T.R. et ai., Proc. Natl. Acad. Sci. 
USA 83, 8122-8126 (1986)). The vaccinia virus is irradiated with 
ultraviolet light using, for example, a UV Stratalinker 2400 equipped 
with five 15 watt bulbs (catalogue No. 400676 (lOOV); Stratagene, 
La Jolla, CA, USA). The cells are washed three times. Plasmids 

35 expressing the genomic RNA, and plasmids directing the expression 
of NP, P, and L proteins (optionally, of M protein and others) are 
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suspended in OptiMEM (GIBCO) , and SuperFect transfection reagent (1 
Jig DNA/5 \xl SuperFect, QIAGEN) is added and mixed. The mixture is 
allowed to stand at room temperature for ten minutes, and then added 
to 3 ml of OptiMEM containing 3% FBS. Alternatively, plasmids 
5 expressing the genomic RNA and plasmids expressing the N, P, L, F, 
and HN proteins respectively, may be used to transfect cells using 
appropriate lipofection reagents. The ratio of plasmids can be, for 
example, 6:2:1:2:2:2, but it is not limited thereto . After culturing 
for three to five hours, the cells are washed twice with serum-free 

10 MEM, and then cultured for 24 to 70 hours in MEM containing 40 pg/ml 
cytosine-p-D-arabinofuranoside (AraC, Sigma), and 7 . 5 jig/ml trypsin 
(GIBCO) . Herein, the cells may be overlaid with cells that express 
M protein continuously (M helper cells), at a density of about 8.5 
X 10^ cells/dish, and then cultured for a further two days at 37°C 

15 in MEM containing 40 pg/ml AraC and 7.5 pg/ml trypsin. The cultured 
cells are collected and the precipitate is suspended in OptiMEM at 
10^ cells/ml. After mixing with the lipofection reagent DOSPER 
(Roche) by freezing and thawing three times (at 10^ cells/25 pi) , the 
mixture is allowed to stand at room temperature for 15 minutes, and 

20 is then transfected to the M-expressing helper cells that were cloned 
as described above (at 10^ cells/well on a 12-well-plate) . The 
transfected cells are cultured in serum-free MEM (containing 40 pg/ml 
AraC and 7.5 pg/ml trypsin), preferably at a low temperature, and 
the supernatant is recovered. Transfection without the addition of 

25 a transfection reagent, such as Lippofection reagent DOSPER, is also 
possible in this process. Similarly, viral vectors with deficient 
F and/or HN proteins can be produced by deleting the F and/or HN genes 
from the genome, and then inducing co-expression of F and/or HN 
proteins in helper cells. 

30 According to the present invention, a viral vector can be 

released in to the external fluid of virus-producing cells, for example, 
at a titer of 1x10^ ClU/ml or more, preferably 1x10^ ClU/ml or more, 
more preferably 5x10^ ClU/ml or more, more preferably 1x10^ ClU/ml 
or more, more preferably 5x10^ ClU/ml or more, more preferably 1x10® 

35 ClU/ml or more, and more preferably 5x10® ClU/ml or more. The virus 
titer can be measured by the methods described in the specification 
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and other literature (Kiyotani, K. at al.. Virology 177(1): 65-74 
(1990) ; WOOO/70070) . 

One preferred embodiment of a method for reconstituting a 
recombinant viral vector from the M-deleted {-) strand RNA viral genome 
5 cDNA is as follows: Namely, the method comprises the steps of (a) 
transcribing a vector DNA encoding the negative strand RNA in which 
the M gene has been deleted (derived from the (-) strand RNA virus, 
or the complementary strand thereof (positive strand) ) in cells 
expressing the viral proteins necessary for the formation of infective 

10 viral particles (i.e., NP, NP, P, L, M, F, and HN proteins) (helper 
cells); (b) co-culturing these cells with cells expressing 
chromosomally integrated M gene (M helper cells) ; (c) preparing a 
cell extract from this culture; (d) introducing the extract into the 
cells expressing the chromosomally integrated M gene (M helper cells) 

15 and culturing these cells; and (e) recovering viral particles from 
the culture supernatant. Step (d) is preferably carried out under 
the low temperature conditions described above. The obtained viral 
particles can be amplified by re-infection of helper cells (preferably 
at low temperatures) . Specifically, the virus can be reconstituted 

20 according to the description in the Examples. 

When preparing a vector with deficient viral genes, for example, 
two or more vector types, each of which has a different deficient 
viral gene in it's viral genome, are introduced into the same cells. 
Each deficient viral protein is expressed and supplied by the other 

25 vector, this mutual complementation results in the formation of 
infective viral particles, and the viral vector can be amplified in 
the replication cycle. Namely, when two or more types of vector of 
the present invention are inoculated in combination to complement 
viral proteins, mixed viral gene-deficient viral vectors can be 

30 produced on a large scale and at a low cost. As these viruses lack 
viral genes, their genome is smaller than that of an intact virus, 
and they can thus comprise larger foreign genes. In addition, 
co-inf ectivity is difficult to maintain in these viruses, which are 
non-propagative due to viral gene deficiency, and are diluted outside 

35 of cells- Such vectors are thus sterile, which is advantageous from 
the viewpoint of controlling environmental release. 
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A recovered (-) strand RNA virus can be purified so as to be 
substantially pure. Purification can be performed by known 
purification and separation methods including filtration, 
centrifugation, column chromatographic purification, and such, or 
5 by combination thereof. ^'Substantially pure" used herein means that 
the virus, as a component, is the main proportion of the sample in 
which the virus exists. Typically, substantially pure viral vectors 
can be detected by confirming that the ratio of virus-derived protein 
to total protein in the sample (except protein added as a carrier 

10 or stabilizer) is 10% or more, preferably 20% or more, more preferably 
50% or more, more preferably 70% or more, more preferably 80% or more, 
and even more preferably 90% or more. Specifically, a (-) strand RNA 
virus can be purified, for example, by a method in which cellulose 
sulfate ester or crosslinked polysaccharide sulfate ester is used 

15 (Examined Published Japanese Patent Application (JP-B) No. Sho 
62-30752; JP-B Sho 62-33879; JP-B Sho 62-30753), a method in which 
adsorption to fucose sulf ate-containing polysaccharide and/or a 
decomposition product thereof is used (WO97/32010) , etc. 

When a viral vector is prepared using a therapeutic gene as the 

20 foreign gene, gene therapy can be carried out by administering that 
viral vector. In applying viral vectors produced by this invention 
to gene therapy, it is possible to express a foreign gene expected 
to comprise treatment effects, or an endogenous gene which is in 
insufficient supply in the patient's body. This can be achieved by 

25 either direct (in vivo) or indirect (ex vivo) administration of the 
complex. There is no particular limitation as to the type of foreign 
gene, and they may include nucleic acids that encode proteins, and 
nucleic acids that do not encode proteins, such as an antisense or 
ribozyme nucleic acids. 

30 A (-) strand RNA virus vector produced by the method of the 

present invention can be formulated into a composition, as required, 
by combining it with a desired pharmaceutically acceptable carrier 
or solvent. A '^pharmaceutically acceptable carrier or solvent" 
refers to a material that can be administered along with the vector, 

35 and that does not significantly inhibit gene transfer of that vector. 
For example, a vector can be formulated into a composition by 
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appropriately diluting it with physiological saline, 
phosphate-buffered physiological saline (PBS), or so on. When the 
(-) strand RNA virus vector is propagated in chicken eggs or so on, 
the composition may contain allantoic fluid. Further, a composition 
5 comprising the vector may contain carriers or solvents such as 
deinonized water and 5% dextrose solution.. In addition to these, the 
composition can contain vegetable oil, suspending agent, detergent, 
stabilizer, biocide, etc. Further, preservatives and other additives 
can be added to the composition. Compositions containing the 

10 (-) strand RNA virus vector are useful as reagents and pharmaceuticals . 

Vector dosage depends on the type of disease, the patient's 
weight, age, sex and symptoms, the purpose of administration, the 
dosage form of the composition to be administered, the method of 
administration, type of gene to be introduced, etc. However, those 

15 skilled in the art can determine the dosage properly. The 
administration dose of a (-) strand RNA virus vector is preferably 
within about 10^ to 10^^ ClU/ml, more preferably within about lO"^ to 
10^ ClU/ml, most preferably within about 1x10^ to 5x10^ ClU/ml . It is 
preferable to administer the vector mixed with pharmaceutically 

20 acceptable carriers. The preferred dose for each administration to 
a human individual is 2x 10^ to 2x 10-^^ CIU. Administration can be 
carried out one or more times within the limits of clinically 
acceptable side effects. The frequency of daily administration can 
be similarly determined. When administering the viral vector to 

25 animals other than humans, for example, the dose to be administered 
can be determined by converting the above dose based on the weight 
ratio, or the volume ratio of the administration target sites (for 
example, an average value) between the target animals and humans. 
A composition containing the (-) strand RNA virus vector can be 

30 administered to all mammalian species including humans, monkeys, mice, 
rats, rabbits, sheep, cattle, dogs, etc. 

Brief Description of the Drawings 

Fig. 1 shows a schematic representation of the construction of 
35 an F-deleted SeV genome cDNA in which a temperature-sensitive mutation 
has been introduced into the M gene. 
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Fig. 2 shows the structures of viral genes constructed to 
suppress secondary particle release based on temperature-sensitive 
mutations introduced into the M gene, and viral genes constructed 
or used to test and compare the effects of these introduced mutations. 
5 Fig. 3 shows microscopic images representing GFP expression in 

cells (LLC-MK2/F7/A) persistently expressing F protein, which were 
cultured at 32 *C and 37 °C for six days after infection with 
SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP. 

Fig. 4 shows a picture representing the result of 

10 semi-quantitative determination, over time and using 
Western-blotting, of F protein expression levels in cells 
(LLC-MK2/F7/A) persistently expressing SeV-F protein, which were 
cultured in trypsin-f ree, serum-free MEM at 32 °C or 37**C. 

Fig. 5 shows microscopic images representing GFP expression in 

15 LLC-MK2 cells which were cultured at 32 "^C, 37 °C or 38 °C for three 
days after infection with SeV18+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at M0I=3. 

Fig. 6 shows hemagglutination activity (HA activity) in the 
culture supernatant, which was sampled over time (fresh medium was 

20 introduced at the same time) , of LLC-MK2 cells cultured at 32 ""C, 37 °C 
or SQ^'C after infection with ' SeV18+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at MOI= 3. 

Fig. 7 shows pictures representing the ratio of M protein level 
in cells to that in virus-like particles (VLPs) . This ratio was 

25 determined by Western-blotting using an anti-M antibody. The culture 
supernatant and cells were recovered from a LLC-MK2 cell culture 
incubated at 37°C for two days after infection with SeV18+GFP, 
SeV18 + /AF-GFP or SeV18 + /MtsHNtsAF-GFP at M0I=3. Each lane contained 
the equivalent of 1/10 of the content of one well from a 6-well plate 

30 culture. 

Fig- 8 shows SEAP activity in the culture supernatant of LLC-MK2 
cells cultured for 12, 18, 24, 50, or 120 hours after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at M0I=3. 

Fig. 9 shows HA activity in the culture supernatant of LLC-MK2 
35 cells cultured for 24, 50, or 120 hours after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at M0I=3 . 
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Fig. 10 shows a picture representing the quantity of VLPs 
determined by Western-blotting using an anti-M antibody. LLC~MK2 
cells were cultured for five days after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at M0I=3 . The culture 
5 supernatant was centrifuged to recover the viruses. Each lane 
contained the equivalent of 1/10 of the content of one well from a 
6-well plate culture. 

Fig. 11 shows cytotoxicity estimates based on the quantity of 
LDH released into the cell culture medium. LLC-MK2, BEAS-2B or CV-1 
10 cells were infected with SeV18+GFP, SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at MOI=0.01, 0.03, 0.1, 0.3, 1, 3, or 10. Cells 
were cultured in a serum-free or 10% FBS-containing medium, and the 
cytotoxicity assay was carried out three or six days after infection, 
respectively. 

15 Fig. 12 shows pictures representing the subcellular 

localization of M protein in LLC-MK2 cells cultured at 32 ''C, 37 ""C 
or 38 °C for two days after infection with SeV18+GFP, SeV18+/AF-GFP 
or SeV18+/MtsHNtsA-F-GFP at M0I=1, which was observed by 
immunostaining using an anti-M antibody. 

20 Fig. 13 shows stereo three-dimensional images for the 

subcellular localization of M and HN proteins observed under a conf ocal 
laser microscope. A-10 cells were infected with SeV18+SEAP/AF-GFP 
or SeV18+SEAP/MtsHNtsAF-GFP at M0I=1, and then cultured at 32 "^C or 
37 °C for one day. These images were obtained by immunostaining using 

25 an anti-M antibody and anti-HN antibody. 

Fig. 14 shows stereo three-dimensional images for the 
subcellular localization of M and HN proteins observed under a conf ocal 
laser microscope. A-10 cells were infected with SeV18+SEAP/AF-GFP 
or SeV18+SEAP/MtsHNtsAF-GFP at M0I=1, and then cultured at 32°C or 

30 37 °C for two days . These images were obtained by immunostaining using 
an anti-M antibody and anti-HN antibody. 

Fig. 15 shows pictures representing the effect of microtubule 
depolymerization reagent on the subcellular localization of M and 
HN proteins. A-10 cells were infected with SeV18+SEAP/MtsHNtsAF-GFP 

35 at M0I=1, and a microtubule depolymerization reagent, colchicine or 
colcemid, was immediately added to these cells at a final concentration 
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of 1 (iM. The cells were cultured at 32**C. After two days, the cells 
were iiranunostained with an anti-M antibody and anti-HN antibody and 
then observed under a confocal laser microscope. These photographs 
show stereo three-dimensional images of the subcellular localization 
5 of M and HN proteins. 

Fig. 16 shows pictures representing the effect of microtubule 
depolymerization reagent on the subcellular localization of M and 
HN proteins. A-10 cells were infected with SeV18+/AF-GFP or 
SeV18+/MtsHNtsAF-GFP at M0I=1, and a microtubule depolymerization 

10 reagent, colchicine, was immediately added to the cells at a final 
concentration of 1 pM. The cells were cultured at 32 or 37 *C. After 
two days, these cells were immunostained with anti-M antibody and 
anti-HN antibody, and then observed under a confocal laser microscope . 
These photographs show stereo three-dimensional images for the 

15 subcellular localization of M and HN proteins. 

Fig. 17 shows the construction scheme of the genome cDNA of the 
F-deficient SeV comprising P and L gene mutations. 

Fig. 18 shows the result of the secondary release of viral 
particles from cells infected by the F-deficient SeV comprising P 

20 and L gene mutations. "dF" represents SeV18 + /AF-GFP . "P86" 
represents SeV18+/P86Lmut AF-GFP. "P511" represents 

SeV18 + /P511Lmut-AF-GFP. 

Fig. 19 shows the cytotoxicity results for the F-deficient SeV 
comprising P and L gene mutations. "P86" represents SeV18+/P8 6Lmut 

25 AF-GFP. "P511" represents SeV18 + /P511Lmut-AF-GFP . "DF" represents 
SeV18 + / AF-GFP. 

Fig. 20 shows the change in the number of cells expressing the 
introduced gene (GFP) in the CV-1 cells that were infected by the 
F-deficient SeV comprising P and L gene mutations. "P86" represents 

30 SeV18+/PB6Lmut- AF-GFP. "P511" represents SeV18+/P511Lmut- AF-GFP. 
"dF" represents SeV18 + / AF-GFP . 

Fig. 21 shows photographs representing expression of the 
introduced gene (GFP) in the CV-1 cells that were infected by the 
F-deficient SeV comprising P and L gene mutations. "P86" represents 

35 SeV18+/P86Lmut'AF-GFP. "P511" represents SeV18+/P511Lmut- AF-GFP. 
" AF" represents SeV18+/ AF-GFP. 
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Fig. 22 shows the constitutive expression of the introduced gene 
(SEAP) in cells infected with F-deficient SeV comprising P and L gene 
mutations. "NC" represents the negative control into which no vector 
was introduced. "dF" represents SeV18+SEAP/ AF-GFP. "p86" 
5 represents SeV18+SEAP/P86Lmut AF-GFP. "P511" represents 

SeV18+SEAP/P511Lmut-AF-GFP. 

Fig. 23 shows the result of the secondary release of viral 
particles from the cells that were infected by the F-deficient SeV 
(SEAP gene-comprising type) comprising P and L gene mutations. "dF" 
10 represents SeV18+SEAP/ AF-GFP. "p86" represents SeV18+SEAP/P8 6Lmut 
■AF-GFP. "P511" represents SeV18+SEAP/P511Lmut-AF-GFP . 

Fig. 24 shows cytotoxicity results for F-deficient SeV (SEAP 
gene-comprising type) comprising P and L gene mutations. "dF+SEAP" 
represents SeV18+SEAP/ AF-GFP. "p86+SEAP" represents 

15 SeV18+SEAP/P8 6Lmut AF-GFP. "P511+SEAP" represents 

SeV18+SEAP/P51lLmutAF-GFP. 

Fig. 25 shows the genomic structure of the F-deficient SeV 
comprising temperature-sensitive mutations in the M and HN genes and 
mutations in the P and L genes. 
20 Fig. 2 6 shows the construction scheme for the genome cDNA of 

the F-deficient SeV comprising temperature-sensitive mutations in 
the M and HN genes and mutations in the P and L genes. 

Fig. 27 shows the result of the secondary release of viral 
particles from cells infected with F-deficient SeV comprising 
25 temperature-sensitive mutations in the M and HN genes and mutations 
in the P and L genes . "dF" represents SeV18-H/ AF-GFP . "ts" represents 
SeV18+/MtsHNts AF-GFP. "ts+86" represents SeV18+/MtsHNts P86Lmut- 
AF-GFP. "ts + 511" represents SeV18 + /MtsHts PSllLmut-AF-GFP . 

Fig. 28 shows cytotoxicity results for F-deficient SeV 
30 comprising temperature-sensitive mutations in the M and HN genes and 
mutations in the P and L genes. "dF" represents SeV18 + / AF-GFP . "ts" 
represents SeV18+/MtsHNts AF-GFP. "ts+86" represents 

SeV18 + /MtsHNts P8 6Lmut -AF-GFP. "ts + 511" represents SeV18 + /MtsHts 
P511Lmut-AF-GFP. 

35 Fig. 29 shows the results of time-course expression for a foreign 

gene in the F-deficient SeV (foreign gene-comprising type) comprising 
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temperature-sensitive mutations in the M and HN genes and mutations 
in the P and L genes. "dF" represents SeV18+SEAP/ AF-GFP. "ts+86" 
represents SeV18+SEAP/MtsHNts P86Lmut'AF-GFP. "ts+511" represents 
SeV18+SEAP/MtsHNts P511Lmut-AF-GFP. 
5 Fig. 30 shows the results of cytotoxicity time-courses for the 

F-deficient SeV (foreign gene-comprising type) comprising 
temperature-sensitive mutations in the M and HN genes and mutations 
in the P and L genes. "dF" represents SeV18+SEAP/ AF-GFP. 
"dF/ts+P86L" represents SeV18+SEAP/MtsHNts P86Lmut • AF-GFP. 
10 "dF/ts+P511L" represents SeV18+SEAP/MtsHNts P511LmutAF-GFP. 

Fig. 31 shows a schematic representation of the construction 
of an M-deleted SeV genome cDNA comprising the EGFP gene. 

Fig. 32 shows a schematic representation of the construction 
of an F- and M-deleted SeV genome cDNA. 
15 Fig. 33 shows the structures of the constructed F- and/or 

M-deleted SeV genes. 

Fig. 34 shows a schematic representation of the construction 
of an M gene-expressing plasmid comprising the hygromycin-resistance 
gene . 

20 Fig. 35 shows pictures representing a semi-quantitative 

comparison, by Western-blotting, of the expression levels of M and 
F proteins in cloned cells inducibly expressing the cloned M protein 
(and F protein) ; following infection with a recombinant adenovirus 
(AcCANCre) that expresses Cre DNA recombinase. 

25 Fig. 36 shows pictures representing the viral reconstitution 

of M-deleted SeV (SeV18+/AM-GFP) with helper cell (LLC-MK2/F7/M) 
clones #18 and #62. 

Fig. 37 shows the viral productivity of SeV18+/AM-GFP (CIU and 
HAU time courses) . 
30 Fig. 38 shows pictures and an illustration representing the 

result of RT-PCR confirming gene structure in SeV18 + /AM-GFP virions. 

Fig. 39 shows pictures representing the result of a comparison 
of SeV18+/AM-GFP with SeV18+GFP and SeV18+/AF-GFP, where, after 
infection of LLC-MK2 cells. Western-blotting was carried out on the 
35 viral proteins from these cells and cell cultures to confirm the viral 
structure of SeV18+/AM-GFP from a protein viewpoint. 
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Fig. 40 shows pictures representing a quantitative comparison 
of virus-derived proteins in the culture supernatant of LLC-MK2 cells 
infected with SeV18+/AM-GFP and SeV18+/AF-GFP (a series of dilutions 
were prepared and assayed using Western-blotting) . Anti-SeV antibody 
5 was used. 

Fig. 41 shows HA activity in the culture supernatant, collected 
over time, of LLC-MK2 cells infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP at M0I=3. 

Fig . 42 shows fluorescence microscopic images obtained five days 

10 after LLC-MK2 cells were infected with SeV18+/AM-GFP or SeV18+/AF-GFP 
at M0I=3. 

Fig. 43 shows fluorescence microscopic images of LLC-MK2 cells 
prepared as follows: LLC-MK2 cells were infected with SeV18+/AM-GFP 
or SeV18+/AF-GFP at M0I=3, and then five days after infection the 
15 culture supernatant was recovered and transfected into LLC-MK2 cells 
using a cationic liposome (Dosper) . Microscopic observation was 
carried out after two days. 

Fig. 44 shows pictures representing the viral reconstitution 
of F- and M-deleted SeV (SeV18+/AMAF-GFP) . 
20 Fig. 45 shows fluorescence microscopic images obtained three 

and five days after cells expressing both M and F (LLC-MK2/F7/M62/A) 
were infected with SeV18+/AM-GFP or SeV18+/AF-GFP . 

Fig. 4 6 shows the construction scheme of M or G gene 
expression-inducing vectors comprising the zeocin-selective marker. 
25 Fig. 47 shows photographs representing the expression of M and 

F proteins in helper cells expressing M and F. 

Fig. 48 shows photographs representing the GFP expression in 
cells infected by M/F double-deficient SeV comprising the GFP gene. 

Fig. 49 shows the result of virus production by cells infected 
30 by M/F double-deficient SeV comprising the GFP gene. 

Fig. 50 shows photographs indicating the result of confirmation 
of the M/F double-deficient SeV genomic structure using RT-PCR. "dF" 
represents SeV18 + / AF-GFP. "dM" represents SeV18 + / AM-GFP . "dMdF" 
represents SeV18+/ AM AF-GFP. 
35 Fig. 51 shows photographs representing the result of 

confirmation of the absence of M and F protein expression in cells 
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infected by M/F double-deficient SeV. 

Fig. 52 shows the results of analysis of the presence and absence 
of the secondary release of viral particles from cells infected by 
M/F double-deficient SeV, analyzed by measuring HA activity. 
5 Fig. 53 shows photographs representing the results of analysis 

of the presence and absence of the secondary release of viral particles 
from cells infected by M/F double-deficient SeV, analyzed using 
culture supernatant fluid transfection. 

Fig. 54 shows photographs representing the infectivity of M/F 
10 double-deficient SeV and M-def icient SeV in nerve cells of the cerebral 
cortex. 

Fig. 55 shows photographs representing the expression of induced 
genes after the in vivo application of M/F double-deficient SeV and 
M-def icient SeV into Mongolian gerbil brains. 
15 Fig. 56 shows the results of inf ectivity-dependent cytotoxicity 

for M/F double-deficient SeV and M-deficient SeV. "Positive control" 
represents SeV with full replicative activity (Sevl8+GFP) . "dF" 
represents SeV18 + / AF-GFP. "dM" represents SeV18+/ AM-GFP . "dMdF" 
represents SeV18+/ AM AF-GFP. 

20 

Best Mode for Carrying Out the Invention 

The present invention is illustrated in detail below with 
reference to Examples, but is not to be construed as being limited 
thereto. All references cited herein are incorporated by reference. 

25 

[Example 1] Construction of an F-deleted SeV genome cDNA in which 
temperature-sensitive mutations have been introduced 

Fig. 1 shows a scheme that represents the construction of a 
F-deficient Sev genome cDNA introduced with temperature-sensitive 

30 mutations, described as follows: An F-deleted full-length Sendai 
viral genome cDNA containing the EGFP gene at the F deletion site 
(pSeV18+/AF-GFP: Li, H.-O. etai., J. Virology 74, 6564-6569 (2000); 
WOOO/70070) was digested with Nael. The M gene-containing fragment 
(4922 bp) was separated using agarose electrophoresis . After cutting 

35 the band of interest out, the DNA was recovered by QIAEXII Gel 
Extraction System (QIAGEN, Bothell, WA) and subcloned into 
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pBluescript II (Stratagene, La Jolla, CA) at the EcoRV site 
(pBlueNaelfrg-AFGFP construction) . Introduction of 

temperature-sensitive mutations into the M gene of pBlueNaelf rg-AFGFP 
was achieved using a QuikChange™ Site-Directed Mutagenesis Kit 
5 (Stratagene, La Jolla, CA) , according to kit method. The three types 
of mutation introduced into the M gene were G69E, T116A and A183S, 
based on the sequence of the CI. 151 strain reported by Kondo et al. 
(Kondo, T. et al., J. Biol. Chem. 268: 21924-21930 (1993)). The 
sequences of the synthetic oligonucleotides used to introduce the 

10 mutations were: G69E 

( 5 ' -gaaacaaacaaccaatctagagagcgtatctgacttgac-3 " /SEQ ID NO : 4 , 
5'-gtcaagtcagatacgctctctagattggttgtttgtttc-3'/SEQ ID NO: 5), T116A 
(5 • -attacggtgaggagggctgttcgagcaggag-3 ' /SEQ ID NO: 6, 

5 • -ctcctgctcgaacagccctcctcaccgtaat-3 ' /SEQ ID NO: 7) and A183S 

15 (5 ' -ggggcaatcaccatatccaagatcccaaagacc-3 ' /SEQ ID NO: 8, 
5'-ggtctttgggatcttggatatggtgattgcccc-3'/SEQ ID NO: 9). 

The plasmid pBlueNaelf rg-AFGFP, whose M gene contains the three 
mutations, was digested with Sail and then partially digested with 
ApaLI . The fragment containing the entire M gene was then recovered 
20 (2644 bp) . pSeV18 + /AF-GFP was digested with ApaLI/Nhel, and the HN 
gene-containing fragment (6287 bp) was recovered. The two fragments 
were subcloned into Litmus38 (New England Biolabs, Beverly, MA) at 
the Sall/Nhel site (LitmusSall/Nhelf rg-MtsAFGFP construction) . 
Temperature-sensitive mutations were introduced into the 

25 LitmusSall/Nhelf rg-MtsAFGFP HN gene in the same way as for the 
introduction of mutations into the M gene, by using a QuikChange™ 
Site-Directed Mutagenesis Kit according to kit method. The three 
mutations introduced into the HN gene were A262T, G264R and K461G, 
based on the sequence of ts271 strain reported by Thompson et al. 

30 (Thompson, S.D. etai.. Virology 160: 1-8 (1987)). The sequences of 
the synthetic oligonucleotides used to introduce the mutations were: 
A262T/G264R (5 ' -catgctctgtggtgacaacccggactaggggttatca-3 ' /SEQ ID 
NO: 10, 5'-tgataacccctagtccgggttgtcaccacagagcatg-3 VSEQ ID NO: 11), 
and K461G (5 ' -cttgtctagaccaggaaatgaagagtgcaattggtacaata-3 ' /SEQ ID 

35 NO: 12, 5 ' -tattgtaccaattgcactcttcatttcctggtctagacaag-3 ' /SEQ ID NO: 
13) . The mutations were introduced into the M and HN genes in separate 
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vectors, but it is also possible to introduce all of the mutations 
into both M and HN genes by using a plasmid (LitmusSall/Nhelf rg-AFGFP) 
obtained by subcloning, at the Sall/Nhel site of Litmus38/ a fragment 
containing the M and HN genes (8931 bp), provided by digesting 

5 pSeV18+/AF-GFP with Sall/Nhel . Successive introduction of mutations 
resulted in the introduction of six temperature-sensitive mutations 
in total; three mutations on the M gene, and three mutations on the 
HN gene (LitmusSall/Nhelf rg-MtsHNtsAFGFP construction) . 

LitmusSall/Nhelfrg-MtsHNtsAFGFP was digested with Sall/Nhel 
10 and a 8931 bp fragment was recovered. Another fragment (8294 bp), 
lacking the M and HN genes and such, was recovered on digestion of 

pSeV18+/AF-GFP with Sall/Nhel. Both fragments were ligated together 
to construct the F-deleted full-length Sendai virus genome cDNA 

(pSeV18+/MtsHNtsAF-GFP) comprising the six temperature-sensitive 
15 mutations in the M and HN genes, and the EGFP gene at the site of 

the F deletion (Fig. 2) . 

Further, to quantify the expression level of genes in the plasmid, 

a cDNA containing the secretory alkaline phosphatase (SEAP) gene was 

also constructed. Specifically, NotI was used to cut out an SEAP 
20 fragment (1638 bp), comprising the termination signal-intervening 

sequence-initiation signal downstream of the SEAP gene (WOOO/70070) . 

This fragment was recovered and purified following electrophoresis. 

The fragment was then inserted into pSeV18+/AF-GFP and 

pSeV18 + /MtsHNtsAF-GFP at their respective NotI sites. The resulting 
25 plasmids were named pSeV18+SEAP/AF-GFP and pSeV18+SEAP/MtsHNtsAF-GFP, 

respectively (Fig. 2) . 

[Example 2] Reconstitution and amplification of a virus in which 

temperature-sensitive mutations had been introduced 
30 Viral reconstitution was performed according to the report by 

Li et al. (Li, H.-O. at ai., J. Virology 74. 6564-6569 (2000); 

WOOO/70070) . Since F was deleted in the virus, F protein helper cells 

were utilized, prepared using an inducible Cre/loxP expression system. 

The system uses a pCALNdLw plasmid, designed for Cre DNA 
35 recombinase-mediated inducible gene product expression (Aral, T. et 

al., J. Virol. 72: 1115-1121 (1988)). In this system, the inserted 
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gene is expressed in a transformant carrying this plasmid^ by using 
the method of Saito et al. to infect the transformant with a recombinant 
adenovirus (AxCANCre) expressing Cre DNA recombinase (Saito, I. et 
al., Nucl. Acid. Res. 23, 3816-3821 (1995), Arai, T. etai., J. Virol. 
5 72, 1115-1121 (1998)). In the case of the SeV-F protein, the 
transformed cells comprising the F gene are herein referred to as 
LLC-MK2/F7, and cells persistently expressing the F protein after 
induction by AxCANCre are herein referred to as LLC-MK2/F7/A. 

Reconstitution of the virus comprising the 

10 temperature-sensitive mutations was carried out as follows: LLC-MK2 
cells were plated on to a 100-mm dish at 5x 10^ cells/dish, and then 
cultured for 24 hours . T7 polymerase-expressing recombinant vaccinia 
virus, which had been treated with psoralen and long-wavelength 
ultraviolet light (365 nm) for 20 minutes (PLWUV-VacT7 : Fuerst, T.R. 

15 et al. , Proc. Natl. Acad. Sci. USA 83, 8122-812 6 (1986) ) , was infected 
(M0I=2) to these cells at room temperature for one hour. The cells 
were washed with serum-free MEM. Plasmids, pSeV18+/MtsHNtsAF-GFP, 
pGEM/NP, pGEM/P, pGEM/L and pGEM/F-HN (Kato, A. et al,, Genes Cells 
1, 569-579 (1996)), were suspended in Opti-MEM (Gibco-BRL, Rockville, 

20 MD) at amounts of 12 lug, 4 |ag, 2 |ig, 4 jag and 4 )ag/dish, respectively. 
SuperFect transfection reagent (Qiagen, Bothell, WA) corresponding 
to 1 fig DNA/5 jal was added and mixed. The resulting mixture was allowed 
to stand at room temperature for 15 minutes, and then added to 3 ml 
of Opti-MEM containing 3% FBS . This mixture was added to the cells. 

25 After being cultured for five hours, the cells were washed twice with 
serum-free MEM, and cultured in MEM containing 40 \xq/ml cytosine 
P-D~arabinof uranoside (AraC: Sigma, St. Louis, MO) and 7.5 jag/ml 
trypsin (Gibco-BRL, Rockville, MD) . After 24 hours of culture, cells 
persistently expressing F protein (LLC-MK2/F7/A: Li, H.-O. et ai., 

30 J. Virology 74. 6564-65 69 (2 000) , WOO 0/7 0070) were overlaid at 8.5x10^ 
cells/dish. These cells were further cultured in MEM containing 40 
^g/mL AraC and 7.5 jxg/mL trypsin at 37 °C for two days (PO) . The cells 
were harvested and the pellet was suspended in 2 ml Opti-MEM per dish. 
Freeze-and-thaw treatment was repeated three times, and the lysate 

35 was directly transfected into LLC-MK2/F7/A. The cells were cultured 
in serum-free MEM containing 40 ^g/mL AraC and 7.5 ^g/mL trypsin at 
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32°C (PI) . After five to seven days, part of the culture supernatant 
was infected into freshly prepared LLC-MK2/F7/A, and the cells were 
cultured in the same serum-free MEM containing 40 ng/mL AraC and 7.5 
|ig/mL trypsin at 32 °C (P2) . After three to five days, freshly prepared 
5 LLC-MK2/F7/A were infected again, and the cells were cultured in 
serum-free MEM containing only 7.5 |xg/mL trypsin at 32 °C for three 
to five days (P3) . BSA was added to the recovered culture supernatant 
at a final concentration of 1%, and the mixture was stored at -80 °C. 
The viral solution stored was thawed and used in subsequent 

10 experiments. 

The titers of viral solutions prepared by this method were as 
follows: SeV18+/AF-GFP, 3x 10^• SeV18 + /MtsHNtsAF-GFP, 7x 10^• 
SeV18+SEAP/AF-GFP, 1 . 8x 10^• SeV18+SEAP/MtsHNtsAF-GFP, 8 . 9x lO'' 
GFP-CIU/mL (GFP-CIU has been defined in WO00/70070) . In determining 

15 SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP titers, the post-infection 
spread of plaques of cells persistently expressing F protein 
(LLC-MK2/F7/A) was observed at 32 °C and 37 °C . Fig. 3 shows photographs 
of patterns observed six days after infection. SeV18+/MtsHNtsAF-GFP 
plaques spread to some extent at 32 °C, but were greatly reduced at 

20 37 ^'C. This suggests that virion formation is reduced at 37 °C. 

[Example 3] Effect of culture temperature (32 °C) on viral 
reconstitution 

In the experimental reconstitution of viruses in which 
25 temperature-sensitive mutations had been introduced (Example 2} , PI 
and all subsequent cultures were carried out at 32 °C . This temperature 
was used because the reference virus, used for assessing the 
introduction of temperature-sensitive mutations, grows well at 32°C 
(Kondo, T. etai., J. Biol. Chem. 268: 21924-21930 (1993), Thompson, 
30 S.D. et ai.. Virology 160: 1-8 (1987)). Close examination of the 
experimental conditions revealed that, for SeV reconstitution (and 
for other viruses in addition to those in which temperature-sensitive 
mutations had been introduced) , reconstitution efficiency was 
improved by carrying out PI and subsequent cultures at 32 ''C, giving 
35 a high possibility of recovering viruses that were previously 
difficult to obtain. 
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There are though to be two reasons for enhanced reconstitution 
efficiency at 32 °C. The first point is that, when cultured at 32 ""C 
as opposed to 37**C, cytotoxicity due to AraC, which is supplemented 
to inhibit vaccinia virus amplification, is thought to be suppressed. 
5 Under conditions for viral reconstitution, culturing LLC-MK2/F7/A 
cells at 37**C, in serum-free MEM containing 40 ^g/ml of AraC and 7.5 
|ag/ml of trypsin, caused cell damage after three to four days, 
including an increase in detached cells. However, cultures at 32**C 
could be sufficiently continued for seven to ten days with cells still 

10 intact. When reconstituting SeV with inefficient transcription 
and/or replication, or with inefficient formation of infectious 
virions, success is thought to be a direct reflection of culture 
duration. The second point is that F protein expression is maintained 
in LLC-MK2/F7/A cells when the cells are cultured at 32 °C. After 

15 culturing LLC-MK2/F7/A cells that continuously express F protein to 
confluency on 6-well culture plates in MEM containing 10% FBS and 
at 37 °C, the medium was replaced with a serum-free MEM containing 
7.5 |ig/ml of trypsin, and the cells were further cultured at 32 °C 
or 37 °C. Cells were recovered over time using a cell scraper, and 

20 Western-blotting using an anti-F protein antibody (mouse monoclonal) 
was used to semi-quantitatively analyze intra-cellular F protein. 
F protein expression was maintained for two days at 37 °C, and then 
decreased. However, at 32 °C expression was maintained for at least 
eight days (Fig. 4) . These results confirm the validity of viral 

25 reconstitution at 32 ""C (after PI stage). 

The above-described Western-blotting was carried out using the 
following method: Cells recovered from one well of a 6-well plate 
were stored at -80 °C, then thawed in 100 )il of Ix diluted sample buffer 
for SDS-PAGE (Red Loading Buffer Pack; New England Biolabs, Beverly, 

30 MA) . Samples were then heated at 98 °C for ten minutes, centrifuged, 
and a 10-^1 aliquot of the supernatant was loaded on to SDS-PAGE gel 
(multigel 10/20; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). 
After electrophoresis at 15 mA for 2 . 5 hours, proteins were transferred 
on to a PVDF membrane (Immobilon PVDF transfer membrane; Millipore, 

35 Bedford, MA) using semi-dry method at 100 mA for one hour . The transfer 
membrane was immersed in a blocking solution (Block Ace; Snow Brand 
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Milk Products Co., Ltd., Sapporo, Japan) at 4^C for one hour or more, 
soaked in a primary antibody solution containing 10% Block Ace 
supplemented with 1/1000 volume of the anti-F protein antibody, and 
then allowed to stand at 4^*0 overnight. After washing three times 
5 with TBS containing 0.05% Tween 20 (TBST) , and a further three times 
with TBS, the membrane was immersed in a secondary antibody solution 
containing 10% Block Ace supplemented with 1/5000 volume of the 
anti-mouse IgG + IgM antibody bound with HRP (Goat F(ab' )2 Anti-Mouse 
IgG + IgM, HRP; BioSource Int., Camarillo, CA) . Samples were then 
10 stirred at room temperature for one hour. The membrane was washed 
three times with TBST, and three times with TBS, and proteins on the 
membrane were then detected using the chemiluminescence method (ECL 
western blotting detection reagents; Amersham Pharmacia biotech, 
Uppsala, Sweden) . 

15 

[Example 4] Quantification of secondarily released particles from 
temperature sensitive mutation-introduced viruses (HA assay, 
Western-Blotting) 

Levels of secondarily released particles were compared, 

20 together with SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP, using the 
autonomously replicating type SeV, that comprises all of the viral 
proteins and the GFP fragment (780 bp) which comprises the termination 
signal-intervening sequence-initiation signal downstream of the GFP 
gene at the NotI site (SeV18+GFP: Fig. 2). 

25 LLC-MK2 cells were grown to confluency on 6-well plates. To 

these cells were added 3x10^ ClU/ml of each virus solution at 100 \xl 
per well (M0I=3) , and the cells were infected for one hour. After 
washing the cells with MEM, serum-free MEM (1 ml) was added to each 
well, and the cells were cultured at 32 °C, 37°Cand38°C, respectively. 

30 Sampling was carried out every day, and immediately after sampling, 
1 ml of fresh serum-free MEM was added to the remaining cells. 
Culturing and sampling were performed over time. Three days after 
infection, observation of GFP expression under a fluorescence 
microscope indicated that infection levels were almost equal for the 

35 three types of virus for all temperature conditions (32 ""C, 37*'C and 
38''C), and that GFP expression was similar (Fig. 5). 
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Secondarily released particles were quantified using an assay 
of hemagglutination activity (HA activity) , performed according to 
the method of Kato at ai. (Kato, A., at ai., Genes Cell 1, 569-579 
(1996) ) . Specifically, round-bottomed 96 well-plates were used for 
5 the serial dilution of the viral solution with PBS. Serial two-fold 

50 nl dilutions were carried out in each well. 50 jaI of preserved 
chicken blood (Cosmo Bio, Tokyo, Japan), diluted to 1% with PBS, was 

added to 50 ^1 of the viral solution, and the mixture was allowed 
to stand at 4®C for one hour. Erythrocyte agglutination was then 

10 examined. The highest virus dilution rate among the agglutinated 
samples was judged to be the HA activity. In addition, one 
hemagglutination unit (HAU) was calculated to be 1x10^ viruses, and 
expressed as a number of viruses (Fig. 6) . The secondarily released 
particles of SeV18+/MtsHNtsAF-GFP remarkably decreased, and at 37 °C, 

15 was judged to be about 1/10 the level of SeV18+/AF-GFP. 
SeV18+/MtsHNtsAF-GFP viral particle formation was also reduced at 
32 °C, and although only a few particles were produced, a certain degree 
of production was still thought possible. 

Western-Blotting was used to quantify secondarily released 

20 particles . In a manner similar to that described above, LLC-MK2 cells 
were infected at M0I=3 with the virus, and the culture supernatant 
and cells were recovered two days after infection. The culture 
supernatant was centrifuged at 48,000 g for 45 minutes to recover 
the viral proteins. After SDS-PAGE, Western-Blotting was performed 

25 to detect these proteins using an anti-M protein antibody . This anti-M 
protein antibody is a newly prepared polyclonal antibody, prepared 
from the serum of rabbits immunized with a mixture of three synthetic 
peptides: corresponding to amino acids 1-13 (MADIYRFPKFSYE+Cys/SEQ 
ID NO: 14), 23-35 (LRTGPDKKAIPH+Cys/SEQ ID NO: 15), and 336-348 

30 (Cys+NVVAKNIGRIRKL/SEQ ID NO: 16) of the SeV M protein. 
Western-Blotting was performed according to the method described in 
Example 3, in which the primary antibody, anti-M protein antibody, 
was used at a 1/4000 dilution, and the secondary antibody, anti-rabbit 
IgG antibody bound with HRP (Anti-rabbit IgG (Goat) H+L conj . ; ICN 

35 P., Aurola, OH), was used at a 1/5000 dilution. In the case of 
SeV18+/MtsHNtsAF-GFP infected cells, M proteins were widely expressed 
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to a similar degree, but viral proteins were reduced (Fig. 7) . 
Western-blotting also confirmed a decrease in secondarily released 
viral particles. 

5 [Example 5] The expression level of genes comprised by the virus in 
which the temperature-sensitive mutations have been introduced (SEAP 
assay) 

SeV18+/MtsHNtsAF-GFP secondary particle release was reduced. 
However, such a modification would be meaningless in a gene expression 

10 vector if accompanied with a simultaneous decrease in comprised gene 
expression. Thus, gene expression level was evaluated. LLC-MK2 
cells were infected with SeV18+SEAP/AF-GFP or 

SeV18+SEAP/MtsHNtsAF-GFP at M0I=3, and culture supernatant was 
collected over time (12, 18, 24, 50 and 120 hours after infection) . 

15 SEAP activity in the supernatant was assayed using a Reporter Assay 
Kit-SEAP (TOYOBO, Osaka, Japan) according to kit method. SEAP 
activity was comparable for both types (Fig. 8) . The same samples 
were also assayed for hemagglutination activity (HA activity) . The 
HA activity of SeV18+SEAP/MtsHNtsAF-GFP was reduced to about one tenth 

20 (Fig. 9) . Viral proteins were harvested from viruses in the samples 
by centrif ugation at 48, 000 g for 45 minutes, and then 
semi-quantitatively analyzed by Western-Blotting using an anti-M 
antibody. The level of viral protein in the supernatant was also 
reduced (Fig. 10) . These findings indicate that the introduction of 

25 temperature-sensitive mutations reduced the level of secondary 
particle release to about 1/10, with virtually no reduction in the 
expression of comprised genes. 

[Example 6] Cytotoxicity of viruses in which temperature-sensitive 

30 mutations have been introduced (LDH assay) 

SeV infection is often cytotoxic. The influence of introduced 
mutations was thus examined from this respect. LLC-MK2, BEAS-2B and 
CV-1 cells were each plated on a 96-well plate at 2.5x10'' cells/well 
(100 ^L/well), and then cultured. LLC-MK2 and CV-1 were cultured in 

35 MEM containing 10% FES, and BEAS-2B was cultured in a 1: 1 mixed medium 
of D-MEM and RPMI (Gibco-BRL, Rockville, MD) containing 10% FBS . After 
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24 hours of culture, virus infection was carried out by adding 5 fxL/well 
of a solution of SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP diluted with 
MEM containing 1% BSA. After six hours, the medium containing the 
viral solution was removed, 'and replaced with the corresponding fresh 
5 medium, with or without 10% FBS. The culture supernatant was sampled 
three days after infection when FBS-f ree medium was used, or six days 
after infection when medium containing FBS was used. Cytotoxicity 
was analyzed using a Cytotoxicity Detection Kit (Roche, Basel, 
Switzerland) according to kit instructions. Neither of the viral 
10 vectors was cytotoxic in LLC-MK2 . Further, SeV18-i-/MtsHNtsAF-GFP 
cytotoxicity was assessed as being comparable to or lower than that 
of SeV18+/AF-GFP in CV-1 and BEAS-2B (Fig. 11) . Thus, it was concluded 
that cytotoxicity was not induced by suppressing secondary particle 
release by the introduction of temperature-sensitive mutations. 

15 

[Example 7] Study of the mechanism of secondary particle release 
suppression 

In order to elucidate part of the mechanism underlying the 
suppression of secondary particle release by the introduction of 

20 temperature-sensitive mutations, the subcellular localization of M 
protein was examined. LLC-MK2 cells were infected with each type of 
SeV (SeVlB+GFP, SeV18 + /AF-GFP, SeV18 + /MtsHNtsAF-GFP) , and cultured 
at 32 ""C, 37 °C or 38 °C for two days. The cells were immunostained by 
using an anti-M antibody. Immunostaining was performed as follows: 

25 The cultured cells were washed once with PBS, methanol cooled to -20 °C 
was added, and the cells were fixed at 4*^C for 15 minutes. After 
washing the cells three times with PBS, blocking was carried out at 
room temperature for one hour using PBS solution containing 2% goat 
serum and 0.1% Triton. After washing with PBS a further three times, 

30 the cells were reacted with a primary antibody solution (10 (ig/mL 
anti-M antibody) containing 2% goat serum at 37 °C for 30 minutes. 
After washing three times with PBS, the cells were reacted with a 
secondary antibody solution (10 jig/mL Alexa Fluor 488 goat anti-rabbit 
IgG(H+L) conjugate: Molecular Probes, Eugene, OR) containing 2% goat 

35 serum at 37 °C for 15 minutes. Finally, after a further three washes 
with PBS, the cells were observed under a fluorescence microscope. 
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In the case of the self-replicating SeV18+GFP comprising both F and 
HN proteins, condensed M protein was detectable on cell surfaces at 
all of the temperatures tested (Fig. 12) . Such M protein condensation 
has been previously reported (Yoshida, T. etai.. Virology 71: 143-161 
5 (1976)), and is assumed to reflect the site of virion formation. 
Specifically, in the case of SeV18+GFP, cell-surface M protein 
localization appeared to be normal at all temperatures, suggesting 
that a sufficient amount of virions were formed. On the other hand, 
in the case of SeV18+/AF-GFP, M protein condensation was greatly 

10 reduced at 38 °C. M protein is believed to localize on cell surfaces, 
binding to both F and HN protein cytoplasmic tails (Sanderson, CM. 
at ai., J. Virology 68: 69-76 (1994), Ali, A. et al., Virology 276: 
289-303 (2000) ) . Because one of these two proteins, namely the F 
protein, is deleted in SeV18+/AF-GFP, F protein deficiency is assumed 

15 to have an impact on M protein localization. This impact was expected 
to be stronger for SeV18+/MtsHNtsAF-GFP, and it was also expected 
that, even at 37 ""C, M protein localization would be disturbed and 
the number of particles in the secondary release would be reduced. 

20 [Example 8] Study of the suppression mechanism of secondary particle 
release (2) 

In order to study the SeV protein' s subcellular localization 
in more detail, analyses were carried out using a confocal laser 
microscope (MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) . A-10 

25 cells (rat myoblasts) were infected with each of SeV18+SEAP/AF-GFP 
and SeV18+SEAP/MtsHNtsAF-GFP (M0I=1) , and then cultured in MEM 
containing 10% serum at 32°C or 37'^C. One or two days later, the cells 
were immunostained using anti-M antibody and anti-HN antibody. 
Immunostaining was performed as follows: The infected culture cells 

30 were washed once with PBS. Methanol cooled to -20*^C was added to the 
cells, and the cells were fixed at 4*'C for 15 minutes. The cells were 
washed three times with PBS, and blocking was then carried out for 
one hour at room temperature, using PBS solution containing 2% goat 
serum, 1% BSA and 0.1% Triton. The cells were reacted with M primary 

35 antibody solution (10 ^ig/mL anti-M antibody) containing 2% goat serum 
at 37 °C for 30 minutes. The cells were then reacted with HN primary 
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antibody solution (1 )ig/mL anti-HN antibody (IL4-1)) at 37*^0 for 30 
minutes. After washing three times with PBS, the cells were reacted 
with a secondary antibody solution (10 fxg/mL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate and 10 |ig/mL Alexa Fluor 488 goat 
5 anti-mouse IgG(H+L) conjugate: Molecular Probes, Eugene, OR) 
containing 2% goat serum at 37 "^C for 15 minutes . The cells were washed 
three times with PBS and The nuclei were stained with T0_PR03 
(Molecular Probes, Eugene, OR) diluted 4000 times. The cells were 
allowed to stand at room temperature for 15 minutes. Finally, to 

10 prevent quenching, a Slow Fade Antifade Kit solution (Molecular Probes, 
Eugene, OR) was substituted for the liquid, and the cells were observed 
under a confocal laser microscope. Fig. 13 shows the results one day 
after infection. Red represents M protein localization; green, HN 
protein localization; and yellow, co-localization of the two. Far 

15 red has been subjected to color conversion, and thus blue represents 
the nucleus. In the case of SeV18+SEAP/AF-GFP, each protein's 
localization pattern did not differ largely between 32°C and 37*^0, 
and cell-surface localization of M protein and HN protein was observed. 
On the other hand, localization of each protein for 

20 SeV18+SEAP/MtsHNtsAF-GFP was different at both temperatures from that 
for SeV18+SEAP/AF-GFP, and hardly any M protein was localized on the 
cell surface. At 37 °C in particular, the M protein and HN protein 
were almost completely separated, such that the M protein was localized 
at sites presumed to be close to the central body of microtubules 

25 (i.e., near the Golgi body) . A similar result was obtained for cells 
cultured two days after infection. Particularly in 

SeV18+SEAP/MtsHNtsAF-GFP-infected cells, subcellular M protein 
localization did not change between one day and two days after 
infection (Fig. 14) , and protein transport appeared to have stopped. 

30 This result also showed that the reduced secondary particle release 
of viruses in which temperature-sensitive mutations had been 
introduced was caused by a deficiency in localization of the M protein, 
which is expected to play a central role in particle formation. 

When the cells were cultured at 32 °C after infection with 

35 SeV18+SEAP/MtsHNtsAF-GFP, the M protein stained in a morphology 
similar to that of a microtubule (Fig. 13) . To show the involvement 
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of microtubules, a reagent that enhances microtubule depolymerization 
was added, and changes in M protein (and HN protein) localization 
were then studied. A-10 cells were infected with 

SeV18+SEAP/MtsHNtsAF-GFP at M0I=1, and a depolymerization reagent, 
5 colchicine (Nakarai Tesque, Kyoto, Japan) or colcemid (Nakarai Tesque, 
Kyoto, Japan) , was immediately added at a final concentration of 1 
mM. The cells were then cultured at 32 °C. Two days after infection, 
the subcellular localizations of the M and HN proteins were observed 
by the same method as described above. In the absence of the 

10 depolymerization reagent, M protein distribution was similar in 
morphology to a microtubule (Fig. 13) . However, addition of the 
depolymerization reagent resulted in disruption of this structure, 
and M protein was detected as a large fibrous structure (Fig. 15) . 
This structure may be an aggregate of M protein by itself, or M protein 

15 bound to the residues of depolymerized microtubules. In either case, 
as seen in Fig. 13, it was plausibly judged that M protein was localized 
in microtubules in cells cultured at 32 °C after infection with 
SeV18+SEAP/MtsHNtsAF-GFP. 

In order to clarify whether or not the above-mentioned 

20 localization of M protein in microtubules was characteristic of 
temperature-sensitive viruses, the post-infection influence of the 
microtubule depolymerization reagent (colchicine) on changes to M 
protein (and HN protein) localization was evaluated for both viruses 
SeVl8+/AF-GFP and SeV18+/MtsHNtsAF-GFP . A-10 cells were infected 

25 with SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP at M0I=1, and the 
depolymerization reagent colchicine was immediately added at a final 

concentration of 1 \M. The cells were cultured at 32*^0 or 37 ""C. Two 
days after infection, the subcellular localization of M protein (and 
HN protein) was observed using the same method as described above. 

30 The results are shown in Fig. 16. Infected cells exhibited similar 
features for both viruses . Specifically, when the cells were cultured 
at 32**C after infection, M protein was observed as a large fibrous 
structure, similar to that in Fig. 15. M protein's coexistance with 
microtubules was also suggested for SeV18+/AF-GFP . In particular, 

35 in cells infected with SeV18+/MtsHNtsAF-GFP and cultured at 37 °C, 
M protein was observed to be localized in areas supposed to be near 
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the Golgi body. 

Based on the above results, the following can be inferred: M 
protein is synthesized near the Golgi body; it is transported around 
the cell along microtubules (for example, bound to a motor protein 
5 such as kinesin) , mainly bound to the cytoplasmic tails of F and HN 
proteins (Sanderson, CM. etal., J. Virology 68: 69-76 (1994); Ali, 
A. etal. , Virology 276: 289-303 (2000) ) ; and the Mprotein is localized 
on the cell surface, followed by particle formation. In viruses 
comprising a temperature-sensitive mutation, everything up to the 

10 point of intracellular transport along microtubules may be normal 
at 32°C. However, translocation from microtubules to the cell surface 
may be hindered, resulting in localization along microtubules. At 
37°C it can be assumed that even intracellular transport along 
microtubules may be hindered, and thus, localization in the vicinity 

15 of the Golgi body is observed. M protein synthesis is supposed to 
take place near the Golgi body. However, it is possible that M protein 
aggregation is observed at these sites, and that the area of synthesis 
itself is elsewhere. However, it has been reported that tubulin, a 
microtubule component, activates and is involved in SeV transcription 

20 and replication (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 
83: 5405-5409 (1986); and Ogino, T. et al., J. Biol. Chem. 274: 
35999-36008 (1999) ) . Moreover, as the Golgi body is located near the 
central body, where tubulin is predicted to exist in abundance, the 
Golgi body can be synthesized close to the microtubule central body 

25 (i.e., near the Golgi body). In addition, although the SeV mutant 
strain, Fl-R, comprises a mutation in its M gene, it modifies 
microtubules after infecting cells, and this modification may enable 
particle formation independent of Fl-R strain cell polarity (Tashiro, 
M. etal. , J. Virol. 67, 5902-5910 (1993) ) . In other words , the results 

30 obtained in the present Example may also be interpreted by assuming 
the intracellular transport of M protein along tubulin. In this 
supposed mechanism, introduction of temperature-sensitive mutations 
to the M and HN genes may result in deficient subcellular M protein 
localization, resulting in a reduction in secondary particle release. 

35 



[Example 9] Construction of genome cDNA of F-deficient SeV comprising 
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introduced mutations in the P and L genes 

To suppress secondary particle release (and reduce 
cytotoxicity) by further introduction of mutations to the F-def icient 
SeV vector, modifications were made based on a gene structure 
5 identified in a SeV with maintained infectivity (Bossow, S. et al., 
Negative Strand Viruses, p. 157 (2000)). The actual design was carried 
out in the following two patterns: Each pattern was identified by 
the analysis of the above SeV with maintained infectivity. Mutations 
were introduced at one site in the P gene (different for the two 

10 patterns) and at two sites in the L gene (the same for both patterns) . 
Specifically, the two patterns were P(E86K) and L (N1197S/K1795E) ; 
and P(L511F) and L (N1197S/K1795E) . The mutant strains identified as 
comprising these mutations have been reported as having decreased 
transcription activity (1/4 to 1/8 of a control) and decreased 

15 replication activity (1/2 to 1/3 of a control), and virus release 
is also reported to be reduced (to about 1%) (Bossow, S. et al ., Negative 
Strand Viruses, p. 157 (2000)). 

The scheme of mutation introduction is shown in Fig. 17. Sail 
and Nhel were used to digest the full-length genome cDNA of the 

20 F-deficient Sendai virus comprising the GFP gene at the F-deficient 
site (pSeVlB-f/AF-GFP; Li, H.-O. et ai., J. Virology 74: 6564-6569 
(2000); WOOO/70070). The NP gene-comprising fragment (8294 bp) was 
recovered, and a multicloning site was introduced using synthetic 
oligo DNAs (pSeV/ASallNhelf rg-MCS construction) . The synthetic 

25 oligonucleotide sequences used to introduce the multicloning site 
were 5 ' -tcgacaccaggtatttaaattaattaatcgcgag-3 ' (SEQ ID NO: 17) and 
5 ' -ctagctcgcgattaattaatttaaatacctggtg-3 ' (SEQ ID NO: 18) . 
Mutations were introduced to the L gene using the constructed 
pSeV/ASallNhelf rg-MCS . Introduction was carried out according to 

30 mutagenesis kit instructions (QuikChange™ Site-Directed Mutagenesis 
Kit (Stratagene, La Jolla, OA) ) . The synthetic oligonucleotide 
sequences used to introduce mutation N1197S in the L gene were 
5'-gttctatcttcctgacTCtatagacctggacacgcttac-3' (SEQ ID NO: 19) and 
5 * -gtaagcgtgtccaggtctataGAgtcaggaagatagaac-3 ' (SEQ ID NO: 20). The 

35 synthetic oligonucleotide sequences used to introduce mutation K1795E 
were 5 ' -ctacctattgagccccttagttgacGaAgataaagataggcta-3 ' (SEQ ID NO: 
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21) and 5 ' -tagcctatctttatcTtCgtcaactaaggggctcaataggtag-3 ' (SEQ ID 
NO: 22) . The introduction of a mutation to the P gene was carried 
out using LitmusSall/Nhelf rg AF-GFP, prepared by ligating the P 
gene-comprising fragment (8931 bp), obtained by the digestion of 

5 pSeV18+/ AF-GFP by Sall/Nhel, to the same Litmus98 site . The synthetic 
oligonucleotide sequences used to introduce mutati on E8 6K in the P 
gene were 5 * -caagataatcgatcaggtAaAgagagtagagtctctgggag-3 • (SEQ ID 
NO: 23) and 5'-ctcccagagactctactctcTtTacctgatcgattatcttg-3* (SEQ ID 
NO: 24) . The synthetic oligonucleotide sequences used to introduce 
10 mutation L511F were 5 * -ctcaaacgcatcacgtctcTtTccctccaaagagaagc-3 ' 
(SEQ ID NO: 25) and 5 * -gcttctctttggagggAaAgagacgtgatgcgtttgag-3 ' 
(SEQ ID NO: 26) - After the introduction of these mutations, the 
following fragments were ligated: the 8294 bp fragment obtained by 
digesting the plasmids comprising a single P gene mutation 

15 (LitmusSall/Nhelfrg AF-GFP) with Sall/Nhel ; and the L gene-comprising 
fragment (8931 bp) obtained by digesting the plasmids comprising two 

L gene mutations (pSeV/ASallNhelf rg-MCS) with Sall/Nhel. Then, 
pSeV18+/P8 6Lmut AF-GFP (which comprises mutation E8 6K in the P gene 
and N1197S/K1795E in the L gene) and pSeV18 + /P511Lmut AF-GFP (which 
20 comprises mutation L511Fin the P gene and N1197S/K1795E in the L gene) 
were constructed. These are collectively called pSeV18+/PLmut • 
AF-GFP. 

Furthermore, to quantify the expression level of the comprised 
genes, the present inventors constructed a cDNA comprising the 

25 secretory alkaline phosphatase (SEAP) gene. Specifically, NotI was 
used to cut out an SEAP fragment (1638 bp) that comprises a termination 
signal-intervening sequence-initiation signal downstream of the SEAP 
gene (WOOO/70070) . The fragment was incorporated into 

pSeV18 + /P86Lmut'AF-GFP and pSeV18 + /P511Lmut AF-GFP at the NotI site 

30 on the 18th nucleotide, creating pSeV18+SEAP/P8 6Lmut - AF-GFP and 
pSeV18+SEAP/P511LmutAF-GFP, respectively. 

[Example 10] Re-constitution and amplification of the F-deficient 
SeV that incorporates the SeV sequence for continuous infectivity 
35 in P/L. 

Re-constitution of the virus was carried out according to the 
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method described by Li at al. (Li, H.-O. et al,, J. Virology 74: 
6564-6569 (2000), WOOO/70070) . Specifically, the same procedure as 
that described in Example 2 of this specification was carried out. 
Viral solution titers prepared in this method were 4.0x10® GFP-CIU/ml 
5 for SeV18+/P86Lmut AF-GFP; 2.8x10® GFP-CIU/ml for SeV18 + /P511Lmut- 
AF-GFP; 3.7x10® GFP-CIU/ml for SeV18+SEAP/P8 6Lmut-AF-GFP; and 2.0x10® 
GFP-CIU/ml for SeV18+SEAP/P511Lmut'AF-GFP . (GFP-CIU is defined in 
WOOO/70070. ) 

10 [Example 11] Quantification of secondarily released particles from 
the F-def icient SeV that incorporates the SeV sequence for continuous 
infectivity in P/L 

Secondarily released particles were quantified by measuring HA 
activity using culture supernatant from infected cells . For purposes 

15 of comparison, SeV18+/AF-GFP secondarily released particles were also 
measured at the same time. The details of this experiment are 

described in Example 4 above. Briefly, 100 |li1 of IxlO"^ ClU/ml (M0I==1) 
or 5x10^ ClU/ml (M0I=5) of each viral solution was added to each well 
of LLC-MK2 cells grown confluently on 6-well plates. Cells were then 

20 infected for one hour . The cells were washed with MEM, 1 ml of serum-free 
MEM was added to each well, and the cells were then cultured at 37°C. 
Sampling was carried out every day. Immediately after sampling, 1 
ml of fresh serum-free MEM was added to each sample. Culturing and 
sampling were conducted at certain time intervals. 

25 HA activity was measured according to the method of Kato et al. 

(Kato, A. et al., Genes Cell 1, 569-579 (1996) ) . Thus, PBS was used 
to make serial two-fold 50 |al dilutions of the viral solution, for 
each well of a round-bottomed 96 well-plate. 50 p.1 of this solution 
was combined with 50 )li1 of preserved chicken blood (Cosmo Bio Co. 

30 Ltd., Tokyo, Japan) diluted to 1% with PBS, and then allowed to stand 

at 4°C for one hour. Erythrocyte agglutination was examined, and HA 
activity was judged to be the highest dilution rate achieving 
hemagglutination among the agglutinated samples. 

In both infections with M0I=1 and M0I=5, the levels of 
35 secondarily released particles were slightly reduced in cells 
infected with a vector that incorporates the SeV sequence for 
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continuous infectivity in P and L (Fig. 18) . Thus^ transducing the 
mutation into P and L is considered to result in a slight reduction 
in the formation of secondarily released particles. However, the 
degree of inhibition was not very significant. Characteristically, 
5 the level of secondarily released particles was gradually reduced 
in the SeV18+/AF-GFP-inf ected cells at a later stage of the infection, 
while such a reduction was virtually absent in the SeV18+/P86Lmut. 
AF-GFP- and SeV18+/P511Lmut.AF-GFP-inf ected cells. These findings 
show that transducing the mutation into P and L reduces cytotoxicity, 
10 allowing the SeV vector to be transcribed and replicated even late 
in infection, thereby maintaining the formation of secondarily 
released particles. 

[Example 12] Cytotoxicity of the F-deficient SeV that incorporates 

15 the SeV sequence for continuous infectivity in P/L 

Notable SeV infection-dependent cytotoxicity can be observed 
in CV-1 cells, and was evaluated by utilizing these cells . F-deficient 
SeV without transduced mutations in P/L (SeV18 + /AF-GFP) was employed 
as a control. The experimental method is detailed in Example 6. 

20 Briefly, CV-1 cells were inoculated into a 96-well plate at a density 
of 2.5x10^ cells/well (100 ]uL/well) , and then cultured. MEM 
supplemented with 10% FBS was used for the culture. After culturing 
for 24 hours, an SeV18+/AF-GFP, SeV18+/P86Lmut . AF-GFP or 
SeV18 + /P511Lmut.AF-GFP solution diluted with a 1% BSA-supplemented 

25 MEM was added in a volume of 5 |j.L/well to affect infection. Six hours 
later, the viral solution-comprising medium was removed, and replaced 
with FBS-free MEM medium. Three days after infection, the culture 
supernatant was sampled, and subjected to quantification using a 
Cytotoxicity Detection Kit (Roche, Basel, Switzerland) according to 

30 kit instructions. SeV18 + /P8 6Lmut.AF-GFP and SeV18 + /P511Lmut.AF-GFP 
each exhibited a marked reduction in cytotoxicity compared to 
SeV18+/AF-GFP (Fig. 19) . 

In the same experiment, GFP-positive cells were counted at 
certain time intervals. The number of positive cells was maintained 

35 in the CV-1 cells infected with each of the two vectors incorporating 
the SeV sequence for continuous infectivity in P and L (Fig. 20) . 
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CV-1 cells were susceptible to SeV infection-dependent cytotoxicity, 
and the infected cells readily peeled off. Cells infected with a 
vector which incorporated the SeV sequence for continuous inf ectivity 
in P and were satisfactorily maintained, strongly supporting the 
suggestion that these vectors reduce cytotoxicity. 

Fig. 21 shows fluorescence microscope photographs of the same 
infected (MOI=10) CV-1 cells, three and six days after infection. 
The number of cells infected with a vector incorporating the SeV 
sequence for continuous infectivity in P and L was large, and 
satisfactory conditions could also be verified visually. The 
proliferation of SeV18+/P511Lmut . AF-GFP-inf ected CV-1 cells was 
especially evident. These findings demonstrate that transducing the 
SeV sequence for continuous infectivity into P and L can potentially 
reduce SeV infection-dependent cytotoxicity. 

[Example 13] Quantification of the expression of genes carried on 
the F-deficient SeV incorporating the SeV sequence for continuous 
infectivity in P/L 

The ability of SeV18 + /P8 6Lmut.AF-GFP and SeV18 + /P511Lmut.AF-GFP 
to reduce secondarily released particles and to reduce cytotoxicity 
may be attributable to reductions in transcription and replication 
in the initially identified mutant (reported reductions of 1/4 to 
1/8, and 1/2 to 1/3 respectively: Bossow, S. at ai., Negative Strand 
Viruses 2000, p. 157). Thus, reduced transcription and replication 
may, at the same time, lead to reduced expression of a comprised gene. 
Such a reduction, if large, may result in the loss of an advantageous 
property of the SeV vector. Accordingly, the SeV vector incorporating 
the SeV sequence for continuous infectivity in P/L was also transduced 
with an SEAP gene at the +18 position, and the SEAP expression level 
in infected cells was measured over time. 

The experimental method is detailed in Example 5. Briefly, 
LLC-MK2 cells were infected with an SeV18+SEAP/AF-GFP, 
SeV18+SEAP/P8 6Lmut.AF-GFP or SeV18+SEAP/P511Lmut.AF-GFP at MOI=10, 
and the culture supernatant was sequentially sampled (every 2 4 hours) . 
SEAP activity was measured using a Reporter Assay Kit-SEAP (Toyobo 
Co., Ltd., Osaka, Japan) according to kit instructions . SEAP activity 
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levels in all vectors were virtually the same (Fig. 22) . Thus, there 
was virtually no reduction in expression level, even when using a 
vector incorporating the SeV sequence for continuous infectivity in 
P/L. 

5 Each vector comprising an SEAP gene was also subjected to 

quantification of secondarily released particles from infected cells, 
and, as an index of cytotoxicity, quantification of LDH in the 
comprised cell culture supernatant. The effect of the installed SEAP 
gene was strongly reflected in the level of secondarily released 

10 particles . Specifically, this level was reduced to about 1/10 in both 
vectors incorporating the SeV sequence for continuous infectivity 
in P/L (Fig. 23). Transducing mutations into P/L was judged to reflect 
better results. Reduction in cytotoxicity was similarly observed in 
both transduction of the SeV sequence for continuous infectivity into 

15 P/L, and in vectors without the SEAP gene (Fig. 24) . 

[Example 14] Construction of an F-deficient SeV genome cDNA comprising 
both a temperature sensitive mutation and a P/L mutation 

By combining the transduction of a temperature sensitive 
20 mutation into the M protein and HN protein, with the transduction 
of an SeV-derived continuous infectivity sequence into the P protein 
and L protein, the combined effect of reduction of secondarily released 
particles (and of cytotoxicity) may be greater than for each mutation 
acting alone. Accordingly, two F-deficient SeV vectors (Fig. 25: 

25 SeV18+/MtsHNtsP8 6Lmut.AF-GFP, SeV18+/MtsHNtsP511Lmut . AF-GFP) were 
constructed. These vectors comprised nine mutations in total, 
consisting of six temperature sensitive mutations (M: G69E, T116A 
and A183S; and HN: A262T, G264R and K461G) and three SeV-derived 
continuous infectivity mutations (P: E86K or L511F; and L: N1197S 

30 and K1795E) . 

The mutation transduction scheme is shown in Fig. 26. 
F-deficient Sendai virus vector genome cDNA comprising temperature 
sensitive mutation (pSeV18+/MtsHNts AF-GFP: see, Example 1) was 
digested with Sail and Nhel, and ligated to the P gene-comprising 

35 fragment (8931 bp) at the same site as Litmus38. This yielded 
LitmusSall/Nhelf rg MtsHNts . AF-GFP, which was then employed. 
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According to the method described in Example 1^ the transduction of 
E8 6K mutation into the P gene employed the synthetic oligonucleotides 
comprising the sequences: 

5 ' -caagataatcgatcaggtAaAgagagtagagtctctgggag-3 ' /SEQ ID No: 23; and 
5 5 ' -ctcccagagactctactctcTtTacctgatcgattatcttg-3 ' /SEQ ID No : 24 . The 
L511F mutation transduction employed the synthetic oligonucleotides 
comprising the sequences: 

5 ' -ctcaaacgcatcacgtctcTtTccctccaaagagaagc-3 ' /SEQ ID No: 25; and 
5 ' -gcttctctttggagggAaAgagacgtgatgcgtttgag-3 " /SEQ ID No: 26. After 

10 transducing these mutations, the plasmids (LitmusSall/Nhelf rg 
MtsHNts AF-GFP) , each comprising one mutation in the P gene, were 
digested with Sall/Nhel. The resultant 8294 bp fragment was ligated 
to the L gene-carrying fragment (8931 bp), which was recovered by 
Sall/Nhel digestion of the plasmid comprising two mutations in the 

15 L gene (pSeV/ASallNhelf rg-MCS) , constructed in Example 1. Finally, 
pSeV18+/MtsHNtsP8 6Lmut.AF-GFP (comprising the temperature sensitive 
mutation, and the mutations P(E86K) and L (N1197S/K1795E) ) and 
pSeV18+/MtsHNtsP51lLmut. AF-GFP (comprising the temperature sensitive 
mutation and the mutations P(L511F) and L (N1197S/K17 95E) ) (commonly 

20 designated as pSeV18+/MtsHNtsPLmut AF-GFP) were constructed. 

A cDNA comprising the SEAP gene was constructed to measure the 
expression level of comprised genes. Specifically, NotI was used to 
cut out an 1638 bp SEAP fragment comprising a termination 
signal-intervening sequence-initiation signal downstream of the SEAP 

25 gene (WOOO/70070) . This fragment was integrated into the NotI site 
at the +18 position of pSeV18 + /MtsHNts P86Lmut . AF-GFP and 
pSeV18 + /MtsHNts PSllLmut . AF-GFP, which were then designated as 
pSeV18+SEAP/MtsHNts P8 6Lmut,AF-GFP and pSeV18+SEAP/MtsHNts PSllLmut. 
AF-GFP, respectively . 

30 

[Example 15] Reconstruction and amplification of F-deficient SeV 
comprising both temperature resistant mutation and P/L mutation 

The virus was reconstructed in accordance with the method 
reported by Li et al. (Li, H.-O. et al., J. Virology 74, 6564-6569 
35 (2000), WOOO/76070), the details of which are found in Example 2 of 
this specification. The titers of the respective viral solutions 
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prepared by this method were as follows: 8.6x10® GFP-CIU/mL for 
SeV18+/MtsHNts P86Lmut.AF-GFP; 4 . 2x10® GFP-CIU/mL for SeV18+/MtsHNts 
P511Lmut.AF-GFP; 1.7x10® GFP-CIU/mL for SeV18+SEAP/MtsHNts P86Lmut. 
AF-GFP; and 1.7x10® GFP-CIU/mL for SeV18+SEAP/MtsHNts P511Lmut.AF-GFP 
5 (GFP-CIU is defined as described in WOOO/70070) . 

[Example 16] Quantification of secondarily released particles from 
F-deficient SeV comprising both temperature resistant mutation and 
P/L mutation 

10 Secondarily released particles were quantified by measuring HA 

activity using the culture supernatant of infected cells. 
Measurments for SeV18+/AF-GFP were also conducted at the same time. 
Experimental method is detailed in Example 4 and Example 11 above. 
Briefly, IxlO'' ClU/ml or 3x10*^ ClU/ml of each viral solution was added 

15 (100 )il/well) to LLC-MK2 cells grown to confluency on 6-well plates 
(each M0I=1 or M0I=3) . Cells were then infected for one hour. The 
cells were washed with MEM and combined with 1 ml of serum-free MEM 
per well, and then cultured at 37°C. Sampling was carried out every 
day, and immediately after sampling, 1 ml of fresh serum-free MEM 

20 was added to the sample. Culturing and sampling were conducted over 
time . 

HA activity was measured according to the method of Kato et al. 
(Kato, A., et al., Genes Cell 1, 569-579 (1996)). Thus, the viral 
solution was serially diluted with PBS, making serial two-fold 50 

25 |Lil dilutions for each well of a 96-well round-bottomed plate. 50 \xl 
of this solution was combined with 50 ^1 of preserved chicken blood 
diluted to 1% with a PBS (Cosmo Bio Co. Ltd. , Tokyo, Japan) , and allowed 
to stand at 4°C for one hour. Erythrocyte agglutination was examined, 
and, among agglutinated samples, HA activity was judged to be the 

30 highest dilution rate to achieve hemagglutination. 

When compared with cells infected with a non-mutant F-deficient 
SeV (SeV18+/AF-GFP) , for both M0I=1 and M0I=3, secondarily released 
particle levels were reduced in cells infected with the F-deficient 
SeV vector comprising both the temperature resistant mutation and 

35 the P/L mutation (Fig. 27) . Secondarily released particles were 
especially reduced in SeV18+/MtsHNts PSllLmut .AF-GFP compared to 
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SeV18+/MtsHNts AF-GFP without P/L mutation, revealing an additive 
effect attributable to P/L mutation transduction. However, 
SeV18+/MtsHNts P86Lmut . AF-GFP exhibited increased secondarily 
released particle levels compared to SeV18+/MtsHNts AF-GFP, thus 
5 exhibiting no additive effect. From the point of view of reduction 

in secondarily released particles, SeV18+/MtsHNts P511Lmut.AF-GFP was 
judged to be outstanding. 

[Example 17] Cytotoxicity of F-deficient SeV comprising both 

10 temperature resistant mutation and P/L mutation 

Cytotoxicity was evaluated by utilizing CV-1 cells. The 
controls employed were an F-deficient SeV comprising no mutation 
transduced into P/L (SeV18 + /AF-GFP) ; and two types of SeV, one 
comprising only a temperature sensitive mutation (SeV18+/MtsHNts 

15 AF-GFP) , and the other comprising only a P/L mutation (SeV18+/P511Lmut. 
AF-GFP, SeV18 + /P8 6Lmut.AF-GFP) . The experimental method is detailed 
in Example 6 and Example 12. Briefly, CV-1 cells were inoculated into 
a 96-well plate at a density of 2 . 5x 10^ cells/well (100 |aL/well), 
and then cultured. The culture used MEM supplemented with 10% FBS . 

20 After 24 hours of culture, an SeV18+/AF-GFP, SeV18+/MtsHNts P86Lmut. 
AF-GFP or SeV18 + /MtsHNts P511Lmut.AF-GFP solution diluted with 1% 
BSA-supplemented MEM was added in a volume of 5 |LiL/well to affect 
infection. Six hours later, medium comprising the virus solution was 
removed, and replaced with FBS-free MEM medium. Three days after 

25 infection, the culture supernatant was sampled, and subjected to 
quantification using a Cytotoxicity Detection Kit (Roche, Basel, 
Switzerland) according to kit instructions. Transduction of the 

temperature sensitive mutation (in SeV18 + /MtsHNts. AF-GFP) reduced 
cytotoxicity to some extent, and transduction of the P/L mutation 
30 (in SeV18 + /P86Lmut.AF-GFP and SeV18 + /P511Lmut.AF-GFP) also resulted 
in a similar reduction in cytotoxicity. The combination of both (in 
SeV18 + /MtsHNts P8 6Lmut. AF-GFP and SeV18 + /MtsHNts PSllLmut .AF-GFP) 
resulted in an additive effect, leading to a marked reduction in 
cytotoxicity (Fig. 28) . 

35 



[Example 18] Quantification of expression of the genes comprised in 
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F-def icient SeV comprising both temperature resistant mutation and 
P/L mutation 

Both SeV18+/MtsHNts P8 6Lmut.AF-GFP and SeV18+/MtsHNts PSllLmut. 
AF-GFP were also transduced with the SEAP gene at the +18 position^ 
5 and SEAP expression level in infected cells was measured over time. 

The experimental method is detailed in Example 5 and Example 
13 . Briefly, the LLC-MK2 cells were infected with SeV18+SEAP/AF-GFP, 
SeV18+SEAP/MtsHNts P8 6Lmut, AF-GFP or SeV18+SEAP/MtsHNts PSllLmut. 
AF-GFP at M0I=1 or M0I=3, and the culture supernatant was sampled 

10 over time (every 24 hours) . SEAP activity was examined using a 
Reporter Assay Kit-SEAP (Toyobo Co. Ltd., Osaka, Japan) according 
to kit instructions. While a slight reduction in the expression level 
during the early stages of infection was noted, SEAP activity was 
almost similar for all vectors (Fig. 29) . Thus, it was judged that 

15 there was almost no reduction in expression level, even when using 
the vector comprising both temperature resistant mutation and P/L 
mutation. 

As an index of cytotoxicity, each vector comprising the SEAP 
gene was also subjected to LDH quantification in the infected cell 
20 culture supernatant. Similar to vectors without the SEAP gene, the 
transduction of both the temperature resistant mutation and the P/L 
mutation resulted in a marked reduction in cytotoxicity (Fig. 30) . 

[Example 19] Construction of the genomic cDNA of M gene-deficient 

25 SeV comprising the EGFP gene 

This construction used the full-length genomic cDNA of 
M-deficient SeV, which is M gene-deficient (pSeV18+/AM : WOOO/09700) . 
The construction scheme is shown in Fig. 31 . The BstEII fragment (2098 
bp) comprising the M-deficient site of pSeV18+/AM was subcloned to 

30 the BstEII site of pSE280 (pSE-BstEIIf rg construction) . The EcoRV 
recognition site at this pSE280 site had been deleted by previous 
digestion with Sall/Xhol followed by ligation (Invitrogen, Groningen, 
Netherlands) . pEGFP comprising the GFP gene (TOYOBO, Osaka, Japan) 
was digested using Acc65l and EcoRI, and the 5' -end of the digest 

35 was blunted by filling in using a DNA blunting Kit (Takara, Kyoto, 
Japan) . The blunted fragment was then subcloned into the 
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pSE-BstEIIf rg, which had been digested with EcoRV and treated with 
BAP (TOYOBO, Osaka, Japan) . This BstEII fragment, comprising the EGFP 
gene, was returned to the original pSeV18+/AM to construct the M 
gene-deficient SeV genomic cDNA (pSeV18+/AM-GFP) , comprising the EGFP 
5 gene at the M-deficient site. 

[Example 20] Construction of SeV genomic cDNA deficient in the M and 
F genes 

The construction scheme described below is shown in Fig. 32. The 

10 M gene was deleted using pBlueNaelf rg-AFGFP, which was constructed 
by subcloning an Nael fragment (4 922 bp) of the F-deficient Sendai 
virus full-length genomic cDNA comprising the EGFP gene at the F 
gene-deficient site (pSeV18+/AF-GFP: Li, H.-O. et al., J. Virology 
74, 6564-6569 (2000), WOOO/70070), to the EcoRV site of pBluescript 

15 II (Stratagene, La Jolla, CA) . Deletion was designed so as to excise 
the M gene using the ApaLI site directly behind it. That is, the ApaLI 
recognition site was inserted right behind the P gene, so that the 
fragment to be excised became 6n. Mutagenesis was performed using 
the QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 

20 CA) according to kit method. The synthetic oligonucleotide sequences 
used for the mutagenesis were 

5' -agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3' / SEQ ID NO: 
27 and 5' -tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3' /SEQ 
ID NO: 28. After mutagenesis, the resulting mutant cDNA was partially 

25 digested using ApaLI (at 37*'C for five minutes), recovered using a 
QIAquick PCR Purification Kit (QIAGEN, Bothell, WA) , and then ligated 
as it was. The DNA was again recovered using the QIAquick PCR 
Purification Kit, digested with BsmI and StuI, and used to transform 
DH5a to prepare the M gene-deficient (and F gene-deficient) DNA 

30 (pBlueNaelfrg-AMAFGFP) . 

pBlueNaelf rg-AMAFGFP deficient in the M gene (and F gene) was 
digested with Sail and ApaLI to recover the 1480 bp fragment comprising 
the M gene-deficient site. pSeV18+/AF-GFP was digested with 
ApaLI /Nhel to recover the HN gene-comprising fragment (6287 bp) , and 

35 these two fragments were subcloned into the Sall/Nhel site of Litmus 
38 (New England Biolabs, Beverly, MA) (LitmusSall/Nhelf rg-AMAFGFP 
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construction) . The 7767 bp fragment recovered by digesting 
LitmusSall/Nhelfrg-AMAFGFP with Sall/Nhel was ligated to another 
fragment (8294 bp) obtained by digesting pSeV18+/AF-GFP with 
Sall/Nhel, that did not comprise genes such as the M and HN genes. 
5 In this way an M- and F-deficient Sendai virus full-length genome 
cDNA comprising the EGFP gene at the deficient site (pSeV18+/AMAF-GFP) 
was constructed. Structures of the M-^deficient (and M- and 
F-deficient) viruses thus constructed are shown in Fig. 33. 

10 [Example 21] Preparation of helper cells expressing SeV-F and SeV-M 
proteins 

To prepare helper cells expressing M protein (and F protein) , the 
Cre/loxP expression induction system was used. This system uses a 
plasmid, pCALNdLw, which is designed to induce the expression of gene 

15 products using Cre DNA recombinase (Aral, T, et al., J. Virol. 72: 
1115-1121 (1988) ) . This system was also employed for the preparation 
of helper cells (LLC-MK2/F7 cells) for the F protein (Li, H.-O. at 
al., J. Virology 74, 6564-6569 (2000), WOOO/70070) . 
<1> Construction of M gene-expressing plasmids 

20 To prepare helper cells which induce the simultaneous expression 
of F and M proteins, the above-described LLC-MK2/F7 cells were used 
to transfer the M gene to these cells using the above-mentioned system. 
Since the pCALNdLw/F used in the transfer of the F gene contained 
the neomycin resistance gene, it was essential to insert a different 

25 drug resistance gene to enable use of the same cells. Therefore, 
according to the scheme described in Fig. 34, the neomycin resistance 
gene of the M gene-comprising plasmid (pCALNdLw/M: the M gene was 
inserted at the Swal site of pCALNdLw) was replaced with the hygromycin 
resistance gene. That is, after pCALNdLw/M was digested with Hindi 

30 and EcoT22I, an M gene-comprising fragment (4737 bp) was isolated 
by electrophoresis on agarose, and the corresponding band was excised 
and recovered using the QIAEXII Gel Extraction System. At the same 
time, pCALNdLw/M was digested with Xhol to recover a fragment that 
did not comprise the neomycin resistance gene (5941 bp), and then 

35 further digested with Hindi to recover a 1779 bp fragment. The 
hygromycin resistance gene was prepared by performing PGR using 
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pcDNA3.1hygro(+) (Invitrogen, Groningen, Netherlands) as the 
template and the following pair of primers: hygro-5' 
(5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacgtctgtcgag-3' / 
SEQ ID NO: 29) and hygro-3' 

5 (5' -aatgcatgatcagtaaattacaatgaacatcgaaccccagagtcccgcctattcctttgc 
cctcggacgagtgctggggcgtc-3' ) /SEQ ID NO: 30). The PGR product was 
recovered using the QIAquick PGR Purification Kit, and then digested 
using Xhol and EcoT22I. pGALNdLw-hygroM was constructed by ligating 
these three fragments. 

10 <2> Gloning of helper cells which induce the expression of SeV-M (and 
SeV-F) protein (s) 

Transfection was performed using the Superfect Transfection 
Reagent by the method described in the Reagent' s protocol . LLG-MK2/F7 
cells were plated on 60 mm diameter Petri dishes at 5x10^ cells/dish, 

15 and then cultured in D-MEM containing 10% FBS for 24 hours. 
pGALNdLw-hygroM (5 |ig) was diluted in D-MEM containing neither FBS 
nor antibiotics (150 ^1 in total) , This mixture was stirred, 30 |il 
of the Superfect Transfection Reagent was added, and the mixture was 
stirred again. After standing at room temperature for ten minutes, 

20 D-MEM containing 10% FBS (1 ml) was added. The transfection mixture 
thus prepared was stirred, and added to LLC-MK2/F7 cells which had 
been washed once with PBS . After three hours of culture in an incubator 
at 37 °C and in 5% CO2 atmosphere, the transfection mixture was removed, 
and the cells were washed three times with PBS. D-MEM containing 10% 

25 FBS (5 ml) was added to the cells, which were then cultured for 24 
hours. After culture, the cells were detached using trypsin, plated 
onto a 96-well plate at a dilution of about 5 cells/well, and cultured 
in D-MEM containing 10% FBS supplemented with 150 |ag/ml hygromycin 
. (Gibco-BRL, Rockville, MD) for about two weeks. Clones propagated 

30 from a single cell were cultured to expand to a 6-well plate culture. 
A total of 130 clones were thus prepared, and were analyzed as detailed 
below. 

<3> Analysis of helper cell clones which induce the expression of 
SeV-M (and SeV-F) protein (s) 
35 Western-blotting was used to semi-quantitatively analyze M 

protein expression in the 130 clones obtained as detailed above. Each 
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clone was plated onto a 6-well plate, and, when in a state of near 
confluence, infected at M0I=5 with a recombinant adenovirus 
expressing Cre DNA recombinase (AxCANCre) diluted in MEM containing 
5% FBS, according to the method of Saito at al, (Saito, I. et al., 
5 Nucl. Acid. Res. 23, 3816-3821 (1995); Arai, T. et al., J. Virol. 
72, 1115-1121 (1998)). After culturing at 32°C for two days, the 
culture supernatant was removed. The cells were washed once with PBS, 
and recovered by detachment using a scraper. SDS-PAGE was performed 
by applying 1/10 of the cells thus recovered per lane, and then 

10 Western-Blotting was carried out using anti-M protein antibody, 
according to the method described in Examples 3 and 4. Of the 130 
clones, those showing relatively high M protein expression levels 
were also analyzed by Western-blotting using the anti-F protein 
antibody (f236: Segawa, H. etal., J. Biochem. 123, 1064-1072 (1998)). 

15 Both results are described in Fig. 35. 

[Example 22] Reconstitution of M gene-deficient SeV virus 

Reconstitution of M gene-deficient SeV (SeV18 + /AM-"GFP) was 
carried out in conjunction with assessment of the clones described 

20 in Example 21. That is, PO lysate of SeV18+/AM-GFP was added to each 
clone, and whether or not GFP protein spread was observed (whether 
or not the trans-supply of M protein was achieved) was examined. PO 
lysate was prepared according to the method described in Example 2, 
as follows: LLC-MK2 cells were plated on lOO-mm diameter Petri dishes 

25 at 5x10^ cells/dish, cultured for 24 hours, and then infected at M0I=2 
with PLWUV-VacT7 at room temperature for one hour. Plasmids 
pSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, pGEM/F-HN and pGEM/M were 
suspended in Opti-MEM at weight ratios of 12 )xg, 4 \xq, 2 \ig, 4 |ig, 
4 )ig and 4 )ig/dish, respectively. To these suspensions , the equivalent 

30 of 1 ]xg DNA/5 )il of SuperFect transfection reagent was added and mixed. 
The mixture was allowed to stand at room temperature for 15 minutes, 
and finally added to 3 ml of Opti-MEM containing 3% FBS. This mixture 
was added to the cells, which were then cultured. After culturing 
for five hours, the cells were washed twice with serum-free MEM, and 

35 cultured in MEM containing 4 0 |j,g/ml AraC and 7.5 |J,g/ml trypsin. After 
24 hours of culture, LLC-MK2/F7/A cells were layered at 8.5x10^ 
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cells/dish, and further cultured in MEM containing 40 |iig/ml AraC and 
7.5 \xg/ml trypsin at 37 "^C for two days. These cells were recovered, 
the pellet was suspended in 2 ml/dish Opti-MEM, and PO lysate was 
prepared by repeating three cycles of freezing and thawing. At the 
5 same time, ten different clones were plated on 24-well plates. When 
nearly confluent, they were infected with AxCANCre at M0I=5, and 
cultured at 32 °C for two days. These cells were transfected with PO 
lysate of SeV18 + /AM-GFP at 200 juil/well, and cultured using serum-free 
MEM containing 40 )iig/ml AraC and 7 . 5 |ig/ml trypsin at 32 "'C. GFP protein 

10 spread due to SeV18+/AM-GFP was observed in clones #18 and #62 (Fig. 
36) . This spread was especially rapid in clone #62, which was used 
in subsequent experiments. Hereafter, these cells prior to induction 
with AxCANCre are referred to as LLC-MK2/F7/M62 . After induction, 
cells which continuously express F and M proteins are referred to 

15 as LLC-MK2/F7/M62/A. Preparation of SeV18+/AM-GFP cells was 
continued using LLC-MK2/F7/M62/A cells . Six days after P2 infection, 
9.5x10^ GFP-CIU viruses were prepared. Five days after P4 infection, 
3.7x10^ GFP-CIU viruses were prepared. 

It is thought that, in this experiment, recovery of the 

20 SeV18 + /AM-GFP virus became possible after the modification indicated 
in Example 3 (e.g., culturing at 32''C after the PI stage). In 
SeV18+/AM-GFP, in trans supply of M protein from expression cells 
(LLC-MK2/F7/M62/A) is thought to be a cause, however, spread was 
extremely slow, and was finally observed seven days after PI infection 

25 (Fig. 36) . Thus, also in viral reconstitution experiments, 
''culturing at 32 °C after the PI stage'' is supported as being very 
effective in reconstituting SeV which has inefficient 
transcription-replication or poor ability to form infectious virions . 

30 [Example 23] Productivity of an M gene-deficient virus 

The productivity of this virus was also investigated. 

LLC-MK2/F7/M62/A cells were plated on 6-well plates and cultured at 

37'*C. When the cells were nearly confluent, they were shifted to 32°C. 

One day later, these cells were infected at MOI=0 . 5 with SeV18 + /AM-GFP. 
35 The culture supernatant was recovered over time, and replaced with 

fresh medium. Supernatants thus recovered were assayed for CIU and 
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HAU. Most viruses were recovered four to six days after infection 
(Fig. 37) . HAU was maintained for six or more days after infection, 
however cytotoxicity was strongly exhibited at this point, indicating 
the cause was not HA protein originating in viral particles, but rather 
5 the activity of HA protein free or bound to cell debris. Therefore 
for virus collection, the culture supernatant should be recovered 
by the fifth day after infection. 

[Example 24] Structural confirmation of M gene-deficient SeV 

10 SeV18+/AM-GFP' s viral genes were confirmed by RT-PCR, and the 

viral proteins by Western-blotting. In RT-PCR, the P2 stage virus 
six days after infection was used. QIAamp Viral RNA Mini Kit (QIAGEN, 
Bothell, WA) was used in the recovery of RNA from the viral solution. 
Thermoscript RT-PCR System (Gibco-BRL, Rockville, MD) was used to 

15 prepare the cDNA. Both systems were performed using kit protocol 
methods. The random hexamer supplied with the kit was used as the 
primer for cDNA preparation. To confirm that the product was formed 
starting from RNA, RT-PCR was performed in the presence or absence 
of reverse transcriptase. PCR was performed with the above-prepared 

20 cDNA as the template, using two pairs of primers: one combination 
of F3593 (5' -ccaatctaccatcagcatcagc-3' /SEQ ID NO: 31) on the P gene 
and R4993 (5' -ttcccttcatcgactatgacc-3' /SEQ ID NO: 32) on the F gene, 
and another combination of F3208 (5' -agagaacaagactaaggctacc-3' /SEQ 
ID NO: 33) on the P gene and R4 993 . As expected from the gene structure 

25 of SeV18+/AM-GFP, amplifications of 1073 bp and 1458 bp DNAs were 
observed from the former and latter combinations respectively (Fig. 
38). Where reverse transcriptase was omitted (RT-) , gene 
amplification did not occur. Where the M gene was inserted instead 
of the GFP gene (pSeV18+GFP) , 1400 bp and 1785 bp DNAs were amplified 

30 respectively. These DNAs are clearly different in size from those 
described above, supporting the fact that this virus is M 
gene-deficient in structure. 

Protein confirmation was performed using Western- blotting. 
LLC-MK2 cells were infected at M0I=3 with SeV18+/AM-GFP, 

35 SeV18+/AF-GFP and SeVlS+GFP, respectively, and the culture 
supernatant and cells were recovered three days after infection. The 
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culture supernatant was centrifuged at 48,000 g for 45 minutes to 
recover viral proteins. After SDS-PAGE, Western-blotting was 
performed to detect proteins using anti-M protein antibody, anti-F 
protein antibody, and DN-1 antibody (rabbit polyclonal) which mainly 
5 detects NP protein, according to the method described in Examples 
3 and 4. In cells infected with SeV18+/AM-GFP, M protein was not 
detected while F or NP protein was observed. Therefore this virus 
was also confirmed to have the SeV18+/AM-GFP structure from the point 
of view of proteins (Fig. 39) . F protein was not observed in cells 
10 infected with SeV18+/AF-GFP, while all viral proteins examined were 
detected in cells infected with SeV18+GFP. In addition, very little 
NP protein was observed in the culture supernatant in the case of 
infection with SeV18+/AM-GFP, indicating that there were no or very 
few secondarily released particles. 

15 

[Example 25] Quantitative analysis concerning the presence or absence 
of secondarily released particles of M gene-deficient SeV 

As described in Example 24, LLK-MK2 cells were infected with 
SeV18+/AM-GFP at M0I=3, the culture supernatant was recovered three 
20 days after infection, filtered through an 0 . 45 |am pore diameter filter, 
and then centrifuged at 48,000 g for 45 minutes to recover viral 
proteins. Western-blotting was then used to semi-quantitatively 
detect viral proteins in the culture supernatant. Samples similarly 

prepared from cells infected with SeV18+/AF-GFP were used as the 
25 control. Serial dilutions of respective samples were prepared and 
subjected to Western-blotting to detect proteins using the DN-1 
antibody (primarily recognizing NP protein) . The viral protein level 
in the culture supernatant of cells infected with SeV18+/AM-GFP was 
estimated to be about 1/100 that of cells infected with SeV18 + /AF-GFP 
30 (Fig. 40). Sample HA activities were 64 HAU for SeV18 + /AF-GFP, 
compared to less than 2 HAU for SeV18+/AM-GFP. 

Time courses were examined for the same experiments. That is, 
LLC-MK2 cells were infected at M0I=3 with SeV18+/AM-GFP, and the 
culture supernatant was recovered over time (every day) to measure 
35 HA activity (Fig. 41) . Four days or more after infection, slight HA 
activity was detected. However, measurements of LDH activity, an 
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indicator of cytotoxicity, revealed clear cytotoxicity four or more 
days after infection in the SeV18 + /AM-GFP-inf ected cells (Fig, 42) . 
This indicated the strong possibility that elevated HA activity was 
not due to VLPs, but to the activity of HA protein bound to or free 
5 from cell debris . Furthermore, the culture supernatant obtained five 
days after infection was examined using Dosper Liposomal Transfection 
Reagent, a cationic liposome (Roche, Basel, Switzerland) . The 

culture supernatant (100 |il) was mixed with Dosper (12.5 |xl) , allowed 
to stand at room temperature for ten minutes, and then transfected 
10 to LLC-MK2 cells cultured to confluency on 6-well plates 1 Inspection 
under a fluorescence microscope two days after transfection revealed 
that many GFP-positive cells were observed in the supernatant of cells 
infected with SeV18+/AF-GFP which contained secondarily released 
particles, while very few or almost no GFP-positive cells were observed 

15 in the supernatant of cells infected with SeV18+/AM-GFP (Fig. 43) . 
From the above results, the secondary release of particles was 
concluded to be almost completely suppressed by M protein deficiency. 

[Example 26] Reconstitution of SeV deficient in both F and M genes 

20 Reconstitution of SeV deficient in both F and M genes 

(SeV18 + /AMAF-GFP) was performed by the same method used for the 
reconstitution of SeV18+/AM-GFP, as described in Example 22. That 
is, LLC-MK2 cells were plated on 100-mm diameter Petri dishes at 5x10^ 
cells/dish, cultured for 24 hours, and then infected at M0I=2 with 

25 PLWUV-VacT7 at room temperature for one hour. Plasmids 
pSeV18-f/AMAF-GFP, pGEM/NP, pGEM/P, pGEM/L, pGEM/F-HN and pGEM/M were 
suspended in Opti-MEM at weight ratios of 12 jiig, 4 |ig, 2 ^g, 4 |ig, 
4 |ug and 4 |iig/dish, respectively. One jig DNA/5 |il equivalent of 
Super Feet transfection reagent were added to the suspension and mixed . 

30 The mixture was allowed to stand at room temperature for 15 minutes 
before 3 ml of Opti-MEM containing 3% FBS was added. The mixture was 
added to the cells after washing with serum-free MEM, and the cells 
were cultured. After five hours of culture, the cells were washed 
twice with serum-free MEM, and cultured in MEM containing 40 fxg/ml 

35 AraC and 7.5 jLig/ml trypsin. After culturing for 24 hours, 
LLC-MK2/F7/M62/A cells were layered at 8.5x 10^ cells/dish, and 
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further cultured in MEM containing 40 ^ig/ml AraC and 7.5 |ig/ml trypsin 
at 37 ''C for two days. These cells were recovered, the pellet was 
suspended in 2 ml/dish of Opti-MEM, and PO lysate was prepared by 
repeating three cycles of freezing and thawing. Meanwhile, 
5 LLC-MK2/F7/M62/A cells were plated on 24-well plates until nearly 
confluent, and then moved to 32 °C, and cultured for one day. Cells 
thus prepared were transfected with PO lysate of SeV18+/AMAF-GFP at 
200 |il/well, and cultured using serum-free MEM containing 40 |ig/ml 
AraC and 7.5 ^ig/ml trypsin at 32°C. With PO, well spread GFP positive 

10 cells were observed. In the case of PI, spread of GFP positive cells 
was also observed, although very weak (Fig. 44) . However, viral 
solution comprising a detectable titer could not be recovered. Where 
LLC-MK2/F7/M62/A cells were infected with SeV18+/AF-GFP or 
SeV18+/AM-GFP, the smooth spread of GFP positive cells was observed 

15 for both viruses (Fig. 45) . Cells expressing both F and M 
(LLC-MK2/F7/M62/A cells) were infected with SeV18+/AF-GFP or 
SeV18 + /AM-GFP at MOI=0 . 5 . Sampling was carried out three and six days 
later. Samples were mixed with 1/6,5 volume of 7.5 % BSA (final 
concentration=l%) and stored. Vector productivity was investigated 

20 by measuring titers . As a result, SeV18 + /AF-GFP was recovered as viral 
solution of 10® or more GFP-CIU/ml and SeV18+/AM-GFP was recovered 
as viral solution of 10^ or more GFP-CIU/ml (Table 1) . Thus, these 
results indicate that both M and F proteins can be successfully 
supplied in trans. 

25 





Table 


1 




3 days after 


6 days after 




infection 


infection 


SeV18+/AF-GFP 


1.0x10® 


1.7x10® 


SeV18+/AM-GFP 


l.OxlO"^ 


3. GxlO'' GFP-CIU/ml 



[Example 27] Improvement in helper cells expressing SeV-F and M 
30 proteins 

When using the M/F-expressing LLC-MK2/F7/M62/A helper cells. 
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M/F double-deficient SeV (SeV18+/AMAF-GFP) viral particles could not 
be recovered. However, F-deficient SeV (SeV18+/AF-GFP) and 
M-deficient SeV (SeV18+/AM-GFP) could be both reconstructed and 
produced. Therefore, M and F protein trans-supply, as a basic ability 
5 of the Cre/loxP expression-inducing system utilizing the same helper 
cells, was considered to be sufficiently possible. Thus, the use of 
the Cre/loxP expression-inducing system was judged effective, and 
further increases in the levels of M and F proteins expressed using 
this system was judged to be required in order to enable reconstruction 

10 of the M/F double-deficient SeV. 

<1> Construction of a M and F-expressing plasmid 

To improve the helper cells that simultaneously induce the 
expression of M and F proteins, the above-described system was used 
to re-transduce M and F genes into above-described LLC-MK2/F7/M62 

15 cells (produced earlier) . Since the pCALNdLw/F used to transduce the 
F gene comprised a neomycin resistant gene, and the pCALNdLw/hygroM 
used to transduce the M gene comprised a hygromycin resistant gene, 
different resistance genes needed to be transduced in order to use 
these cells. Accordingly, the neomycin resistant gene of the F 

20 gene-comprising plasmid (pCALNdLw/F: M gene transduced into the Swal 
site of pCALNdLw) was replaced with a zeocin resistant gene, in 
accordance with the scheme shown in Fig. 46. Thus, the pCALNdLw/F 
was digested with Spel and EcoT22I, an F gene-comprising fragment 
(5477 bp) was separated using agarose electrophoresis, and the 

25 relevant band was cut out and recovered using a QIAEXII Gel Extraction 
System. At the same time, pCALNdLw/F was cleaved with Xhol, and a 
fragment without the neomycin resistant gene (6663 bp) was recovered, 
and then further cleaved with Spel to recover a 17 61 bp fragment. 
The zeocin resistant gene was prepared as follows: PGR was carried 

30 out using pcDNA3 . IZeo (+) (Invitrogen, Groningen, Netherlands) as a 
template and two primers, zeo-5'(5'- 

TCTCGAGTCGCTCGGTACGatggccaagttgaccagtgccgttccggtgctcac-3 * /SEQ ID 
No: 34); and zeo-3'(5'- 

AATGCATGATCAGTAAATTACAATGAACATCGAACCCCAGAGTCCCGCtcagtcctgctcctcg 

35 gccacgaagtgcacgcagttg-3 ' /SEQ ID NO: 35) . The amplification product 
was recovered using a QIAquick PGR Purification Kit, and digested 
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with Xhol and EcoT22l. These three fragments were then ligated to 
prepare pCALNdLw-zeoF. An Xhol fragment was then used to recombine 
the drug resistant gene-comprising fragment, and the pCALNdLw-zeoM 
gene was constructed. 
5 <2> Cloning of helper cells 

Transfection was conducted according to the method described 
in the protocol using a Lipof ectAMINE PLUS reagent (Invitrogen Corp. , 
Groningen, Netherlands) . Thus, the following procedures were 
performed: The LLC-MK2/F7/M62 cells were inoculated to 60 mm petri 

10 dishes at a density of 5x10^ cells/dish, and cultured in 10% 
FBS-comprising D-MEM for 24 hours. Each 1 ^g (2 |xg in total) of the 
pCALNdLw-zeoF and pCALNdLw-zeoM was diluted in FBS- and 
antibiotic-free D-MEM (242 |liL in total), agitated, combined with 8 
]xl of a LipofectAMINE PLUS reagent, re-agitated, and allowed to stand 

15 at room temperature for 15 minutes. Subsequently, 12 |liL of the 
LipofectAMINE reagent diluted preliminarily with an FBS- and 

antibiotic-free D-MEM (250 ^iL in total) was added, and the mixture 
was allowed to stand at room temperature for 15 minutes . Subsequently, 
2 ml of the FBS- and antibiotic-free D-MEM was added and agitated. 

20 This transfection mixture was added to the LLC-MK2/F7/M62 cells, which 
had been washed once with PBS. After culturing in a 37°C in 5% CO2 
incubator for three hours, 2.5 ml of 20% FBS-containing D-MEM was 
added without removing the transfection mixture. After culturing for 
24 hours, the cells were scraped using trypsin, dispensed to a 95-well 

25 plate at a density of about 5 cells/well or 25 cells/well, and cultured 
for about two weeks in 500 |ig/mL zeocin (Gibco-BRL, Rockville, 
MD) -containing 10% FBS-supplemented D-MEM. Clones spreading from a 
single cell were propagated up to 6-well plates. A total of 98 clones 
thus prepared were analyzed. 

30 The resultant 98 clones were semi-quantitatively examined for 

M and F protein expression levels using Western-blotting. Each clone 
was inoculated into a 12-well plate, and when almost confluent, was 
infected with a Cre DNA recombinase-expressing recombinant adenovirus 
(AxCANCre), diluted with a 5% FBS-containing MEM at M0I=5 using the 

35 method of Saito at al. (Saito, I. et al. , Nucl. Acid. Res. 23, 3816-3821 
(1995); and Aral, T. etal., J. Virol. 72, 1115-1121 (1998)). After 
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culturing at 32°C for two days, the culture supernatant was removed. 
The cells were washed once with PBS, and recovered by scraping with 
a cell scraper. A 1/5 volume aliquot was applied per lane, subjected 
to SDS-PAGE, and then Western blotting using an anti-M antibody and 
5 an anti^F antibody (f236: Segawa, H. etal., J. Biochem. 123, 1064-1072 
(1998)). The results of nine clones of about 98 evaluated are 
indicated in Fig. 47. 

[Example 28] Reconstitution of M/F double-deficient SeV (2) 

10 The reconstitution of M/F double-deficient SeV 

(SeV18+/AMAF-GFP) was conducted in conjunction with the evaluation 
of the clones described in Example 27. Thus, the possibility of 
reconstitution was evaluated using PO Lysate (lysate of the 
transfected cells) of the M/F double-deficient SeV reconstitution, . 

15 PO lysate was prepared as described below, in a method analogous to 
that described in Example 2. LLC-MK2 cells were inoculated at a 
density of 5x10^ cells/dish to a 100 mm petri dish, cultured for 24 
hours, and then infected with aPLWUV-VacT7 at room temperature for 
one hour (M0I=2) . After washing with serum-free MEM, the plasmids 

20 pSeV18 + /AMAF-GFP, pGEM/NP, pGEM/P, pGEM/L, pGEM/F-HN and pGEM/M were 
suspended in Opti-MEM in the ratios of 12 |ig, 4 ]iq, 2 }jig, 4 p,g, 4 |Lig 
and 4 |j,g/dish, respectively. SuperFect transfection reagent was 
added at a concentration of 5 |liL reagent to 1 [ig DNA. The samples 
were mixed, allowed to stand at room temperature for 15 minutes, and 

25 finally combined with .3 ml of a 3% FBS-containing Opti-MEM. The 
mixture was added to the cells, and they were cultured for five hours. 
The cells were then washed twice with serum-free MEM, and cultured 
in MEM containing 40 ^xg/mL AraC and 7 . 5 |ag/mL Trypsin . After culturing 
for 24 hours, 8 . 5x 10^ cells/dish were overlaid with LLC-MK2/F7/A, 

30 and cultured for a further two days at 37°C in MEM containing 40 \xg/mL 
AraC and 7.5 |Lig/mL Trypsin. These cells were recovered, the pellet 
was suspended in 2 ml/dish of Opti-MEM, and then frozen and thawed 
three times repeatedly, thus preparing PO lysate. Meanwhile, freshly 
cloned cells were inoculated to a 24-well plate . When nearly confluent, 

35 these cells were infected with AxCANCre at M0I=5, and then cultured 
at 32°C for two days. The resultant cells were transfected with 200 



101 



jil/well of the PO lysate of SeV18+/AMAF-GFP, and cultured in serum-free 
MEM comprising 40 |ag/mL AraC and 7.5 jig/mL Trypsin at 32°C. Twenty 
clones of those evaluated exhibited GFP protein spread, and M/F 
double-deficient SeVs were successfully recovered. Reconstitution 
5 conditions for several of these clones are indicated (Fig. 48) . 
However, in clone #33 (LLC-MK2/F7/M62/#33) , 10^ GFP-CIU/mL or more 
infected viral particles were recovered at the p3 stage (the third 
subculture) . Therefore, clone #33 was regarded as an extremely 
promising cell for production. Transduction of LLC-MK2/F7/M62 cells 

10 with both M and F genes resulted in the preparation cells enabling 
high yield recovery of M/F double-deficient SeV. These findings 
suggest that expression is extremely satisfactory at the 
LLC-MK2/F7/M62 cell stage, and slightly upregulated in both M/F 
proteins (via transduction of both the M and F genes), enabling 

15 recovery of the M/F double-deficient SeV. 

[Example 29] Ability to produce M/F double-deficient SeV 

This virus was also examined from the point of view of ease of 
production. LLC-MK2/F7/M62/#33 were inoculated in a 6-well plate, 

20 and cultured at 37''C. When nearly confluent, the cells were infected 
with AxCANCre at M0I=5 (LLC-MK2/F7/M62/#33/A) , and cultured at 32°C 
for two days. The cells were then infected with SeV18 + /AMAF-GFP at 
MOI=0.5, and culture supernatant was recovered over time as fresh 
medium was added. The recovered supernatant was examined for CIU and 

25 HAU. Two days and beyond after infection, the virus was recovered 
continuously at 10^ CIU/mL or more (Fig. 49) . Virus production was 
considered efficient because changes in CIU and HAU occurred in 
parallel, and most of the produced particles were infectious. 

30 [Example 30] Structural confirmation of M/F double-deficient SeV 
The SeVl8 + /AMAF-GFP viral gene was confirmed by RT-PCR, and the 
viral proteins were confirmed using Western-blotting. In RT-PCR, the 
virus at the P2 stage five days after infection (P2d5) was used. A 
QIAamp Viral RNA Mini Kit (QIAGEN, Bothell, WA) was used to recover 

35 RNA from the viral solution. A Superscript One-Step RT-PCR System 
(Gibco-BRL, Rockville, MD) was utilized in the cDNA preparation. Both 
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systems were used according to methods described in the protocols 
attached thereto. Two combinations of primers were used in PCRs for 
cDNA preparation and RT-PCR: the combination of F3208 on the P gene 
(5'-agagaacaagactaaggctacc-3 * /SEQ ID No: 33) and GFP-RV on the GFP 
5 gene (5 ' -cagatgaacttcagggtcagcttg-3 * /SEQ ID No: 36); and the 
combination of this same F3208, and R6823 on the HN gene 
(5 ' -tgggtgaatgagagaatcagc-3 * /SEQ ID No: 37) . As predicted from the 

gene structure of the SeV18+/AMAF-GFP, PGR using the former pair 
amplified a 644bp fragment, and that using the latter amplified a 

10 1495bp fragment (Fig. 50) . Amplification using SeV18+/AM-GFP and 
SeV18+/AF-GFP resulted in genes of respectively predicted size, 
indicating a clear difference in size compared to that obtained using 
the SeV18+/AMAF-GFP. Based on the findings described above, this 
virus is suggested to comprise a M/F double-deficient gene structure. 

15 Furthermore, Western-blotting was used to confirm structure 

from the point of view of the proteins. LLC-MK2 cells were infected 
at M0I=3 with SeV18+/AMAF-GFP, SeV18+/AM-GFP, SeV18+/AF-GFP and 
SeV18+GFP, and recovered two days after the infection. After 
performing SDS-PAGE, Western-Blotting was performed using an anti-M 

20 antibody, anti-F antibody, and a DN-1 antibody (rabbit polyclonal) 
which mainly recognizes NP protein. The methods are as described in 
Example 3 and Example 4 . Neither M protein nor F protein was observed 
in SeV18+/AMAF-GFP-inf ected cells, but NP was observed. Therefore 
the structure of SeV18 + /AMAF-GFP was also confirmed from the viewpoint 

25 of proteins (Fig. 51) . At this time, SeV18 + /AF-GFP-inf ected cells 
did not exhibit F protein, SeV18+/AM-GFP-inf ected cells did not 
exhibit M protein, and all of the tested viral proteins were observed 
in SeV18+GFP. 

30 [Example 31] Quantitative analysis of the presence or absence of M/F 
double-deficient SeV secondarily released particles 

This experiment was conducted over time. Thus, LLC-MK2 cells 
were infected at M0I^3 with SeV18 + /AMAF-GFP, and culture supernatant 
was recovered at certain time intervals (every 24 hours) and examined 

35 for HA activity (Fig. 52) . Four days after infection, HA activity 
was observed, although at low levels. The increased HA activity for 
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SeV18+/AMAF-GFP was assumed to be attributable to HA protein bound 
to or liberated from cell debris, rather than to VLPs. Furthermore, 
culture supernatant obtained five days after infection was 
investigated using a cationic liposome, namely, Dosper Liposomal 
5 Transfection Reagent (Roche, Basel, Switzerland) . Thus, 100 |il of 
the culture supernatant and 12.5 \il of Dosper were mixed and allowed 
to stand at room temperature for ten minutes, and then transfected 
to LLC-MK2 cells which had been grown confluently in a 6-well plate. 
Two days later, fluorescence microscopic observation revealed a large 

10 number of GFP-positive cells in the culture supernatant of the 
SeV18+/AF-GFP-infected cells containing secondarily released 
particles, while almost no GFP-positive cells were found in the 
SeV18+/AMAF-GFP-infected cell culture supernatant (Fig. 53) . Based 
on these findings, it was concluded that in the case of SeV18 + /AMAF-GFP, 

15 secondary release of particles from infected cells was virtually 
absent. 

[Example 32] Evaluation of the viral infectivity of M/F 
double-deficient SeV and M-deficient SeV (in vitro) 

20 The efficiency of transduction and expression in non-dividing 

cells is an important factor for evaluating the performance of a gene 
transfer vector. Therefore, assessment is essential. Accordingly, 
cerebral cortex nerve cells were prepared from the brain of a rat 
fetus on day 17 of pregnancy. These cells were cultured as a first 

25 generation for investigating infectivity in non-dividing cells. 

The first generation nerve cell culture derived from the rat 
cerebral cortex was obtained as follows: On day 17 of pregnancy, a 
pregnant SD rat was decapitated under ether anesthesia. The abdomen 
was sterilized using Isodine and 80% ethanol, the uterus removed and 

30 placed onto a 10 cm petri dish, and the fetuses were taken from the 
uterus. Then, the fetal scalp and cranial bone were opened using INOX 
5 forceps, and the brain was excised to a 35 mm petri dish. The 
cerebellum and a part of the brain stem were removed using ophthalmic 
scissors, the cerebrum was divided into semispheres, and the remainder 

35 of the brain stem was removed. The olfactory bulb and the meninx were 
clipped off using forceps. Finally, the diencephalon and hippocampus 
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were removed using ophthalmic scissors, and the cortex was collected 
in a petri dish, cut into small pieces using a surgical scalpel, and 
transferred into a 15 mm centrifuge tube. The cells were treated with 
0.3 mg papain/ml at 37°C for ten minutes, treated and then washed with 
5 5 ml of serum-containing medium, and then dispersed. After passing 
through a 70 |jin strainer, the cells were collected by centrifugation 
and dispersed by gentle pipetting. The cells were then counted. The 
cells were inoculated onto a poly-L-lysine (PLL) -coated 24 well plate 
at a density of 2x10^ or 4x10^ cells/well, and two days later were 

10 infected with an M/F double-deficient SeV (SeV18+/AMAF-GFP) and an 
M-deficient SeV (SeV18+/AM-GFP) at M0I=3 . Thirty-six hours after 
infection, the cells were immunostained with MAP2 as a 
neurocyte-specif ic marker, and infected cells were identified on the 
basis of overlap with the GFP-expressing cells (SeV-inf ected cells) . 

15 MAP2 immunostaining was conducted as follows: The infected 

cells were washed with PBS, fixed with 4% paraformaldehyde at room 
temperature for ten minutes, again washed with PBS, and then blocked 
with a 2% normal goat serum-containing PBS at room temperature for 
60 minutes. The cells were reacted with a 200-f old-diluted anti-MAP2 

20 antibody (Sigma, St. Louis, MO) at 37°C for 30 minutes, washed with 
PBS, and reacted with a 200-f old-diluted secondary antibody (goat 

anti mouse IgG Alexa568: Molecular Probes Inc., Eugene, OR) at 37°C 
for 30 minutes . After washing with PBS, cell fluorescence was observed 
using a fluorescence microscope (DM IRB-SLR: Leica, Wetzlar, 
25 Germany) . 

In both the M/F double-deficient SeV (SeV18 + /AMAF-GFP) and the 
M-deficient SeV (SeV18 + /AM-GFP) , most of the MAP2-positive cells were 
GFP positive (Fig. 54). That is, most of the prepared nerve cells 
exhibited efficient SeV infection, and therefore both M/F 
30 double-deficient SeV and M-deficient SeV were confirmed to have 
efficient transduction and expression in non-dividing cells. 

[Example 33] Evaluation of the viral infectivity of M/F 
double-deficient SeV and M-deficient SeVs {in vivo) 
35 Infectivity in vivo was evaluated. 5 |il (1x10^ p. f .u/ml) of each 

of M/F double-deficient SeV (SeV18+/AMAF-GFP) and M-deficient SeV 
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(SeV18+/AM-GFP) was administered to the left lateral ventricule of 
a jird mouse using stereo method. Two days after administration, the 
mice were sacrificed, their brains removed, and frozen sections 
prepared. Specimens were observed using a fluorescence microscope, 
5 and examined for infection on the basis of GFP fluorescence intensity. 
Both the M/F double-deficient SeV (SeV18+/AMAF-GFP) and M-deficient 
SeV (SeV18+/AM-GFP) resulted in numerous positive cells in the 
ependymal cells of both lateral ventricles (Fig. 55) . Thus, it was 
revealed that both M/F double-deficient SeV and M-deficient SeV were 
10 capable of achieving efficient gene transduction and expression in 
vivo. 

[Example 34] Evaluation of M/F double-deficient SeV and M-deficient 
SeV cytotoxicity 

15 Cytotoxicity was evaluated utilizing cells that enabled 

observation of SeV-dependent cytotoxicity, namely, using CV-1 cells 
and HeLa cells. As controls, an added-type SeV (native type: 
SeV18+GFP) (having replicative ability) and an F-deficient SeV 
(SeV18 + /AF-GFP) were also measured at the same time . The experimental 

20 method is detailed in Example 6, Example 12 and Example 17. Briefly, 
CV-1 cells or HeLa cells were inoculated to a 96-well plate at 2.5x10^ 

cells/well (100 jiL/well) and cultured. Both cultures employed 10% 
FBS-containing MEM. After culturing for 24 hours, the SeV18+GFP, 

SeV18 + /AF-GFP, SeV18 + /AM-GFP or SeV18 + /AMAF-GFP solution was diluted 
25 with 1% BSA-containing MEM in a volume of 5 )Lil/well, and the solution 
was added to affect infection. After six hours, the viral 
solution-containing medium was removed, and replaced with FBS-free 
MEM medium. Three days after infection, the culture supernatant was 
sampled, and subjected to cytotoxicity quantification using a 
30 Cytotoxicity Detection Kit (Roche, Basel, Switzerland) according to 
kit instructions. Compared to the added-type SeV, the deletion of 
the M gene or F gene (in SeV18 + /AF-GFP and SeV18 + /AM-GFP) resulted 
in reduced cytotoxicity, and the combination of these two deletions 

(in SeV18+/AMAF-GFP) resulted in an additive effect, further reducing 
35 cytotoxicity (Fig. 56) . 

As described above, "the M/F double-deficient SeV vector". 
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successfully reconstituted for the first time in this invention, is 
a highly versatile gene transfer vector comprising the ability to 
infect various cells, including non-dividing cells, eliminating 
almost all secondarily released particles, and exhibiting reduced 
5 cytotoxicity. 



Effects of the Invention 

The present invention provides methods of testing for, screening 
for, and producing {-) strand RNA viruses in which particle formation 

10 ability is reduced or eliminated. The viruses produced by this 
invention are useful as gene transfer vectors with fewer side effects 
against hosts, since they reduce both cytotoxicity and immunoresponse 
induction caused by secondary release (VLP release) from 
gene-transferred cells. Vectors provided by the present invention 

15 are especially expected to have various applications as vectors for 
in vivo and ex vivo gene therapy. 
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CLAIMS 

1. A method for testing particle formation ability of a 
(-) strand RNA virus vector, wherein the method comprises detecting 
5 localization of M protein in cells in which the vector has been 
introduced. 

2 . A method of screening for a (-) strand RNA virus vector whose 
particle formation ability has been reduced or eliminated, comprising 
the steps of: 

10 (a) detecting localization of M protein in cells into which the vector 
has been introduced; and 

(b) selecting the vector by which localization has been reduced or 
eliminated. 

3. The method according to claim 1 or 2, wherein the 
15 localization of M protein is an aggregation of M proteins on the cell 

surface . 

4. A method of screening for a gene which reduces or eliminates 
particle formation ability of a (-) strand RNA virus vector, comprising 
the steps of: 

20 (a) detecting localization of M protein in cells into which the 
(-) strand RNA virus vector comprising a test gene has been introduced; 
and 

(b) selecting the gene which reduces or eliminates localization. 

5. The method according to claim 4, wherein the localization 
25 of M protein is an aggregation of M proteins on the cell surface. 

6. The method according to claim 4 or 5, wherein the test gene 
is a mutant of a gene selected from the group consisting of M, F, 
and HN genes of a {-) strand RNA virus. 

7. A method for producing a recombinant (-) strand RNA virus 
30 vector whose particle formation ability has been reduced or eliminated, 

wherein the method comprises reconstituting the (-) strand RNA virus 
vector comprising a gene which can be identified or isolated by a 
method according to any one of claims 4 to 6, under a condition where 
the reduction or elimination of M protein localization by the gene 
35 is continuously complemented. 

8. A method for producing a recombinant (-) strand RNA virus 
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vector whose particle formation ability has been reduced or eliminated^ 
"wherein the method comprises reconstituting the (-) strand RNA virus 
vector by which the localization of the M gene expression product 
is reduced or eliminated as a result of the deletion or mutation of 
5 the M gene, under a condition where functional M protein is 
continuously expressed. 

9. The method according to claim 8, wherein the step comprises 
reconstituting, at a permissive temperature, the (-) strand RNA virus 
vector comprising a temperature-sensitive mutant M gene by which the 

10 aggregation of gene products on the cell surface has been reduced 
or eliminated - 

10. The method according to claim 9, wherein the 
temperature-sensitive mutant M gene is a gene encoding a (-) strand 
RNA virus M protein, in which an amino acid corresponding to at least 

15 one amino acid position selected from the group consisting of G69, 
T116 and A183 of a Sendai virus M protein has been substituted with 
another amino acid. 

11 . The method according to claim 8, wherein the step comprises 
reconstituting the (-) strand RNA virus vector whose M gene is deleted, 

20 under a condition where the M gene, which has been introduced in the 
chromosome of the cells used for reconstitution, is expressed. 

12. A method according to any one of claims 7 to 11, wherein 
the (-) strand RNA virus vector further comprises the deletion of HN 
and/or F genes, or comprises a temperature-sensitive mutant HN and/or 

25 F genes. 

13. The method according to claim 12, wherein the 
temperature-sensitive mutant HN gene is a gene encoding a (-) strand 
RNA virus HN protein, in which an amino acid corresponding to at least 
one amino acid position selected from the group consisting of A262, 

30 G264, and K461 of a Sendai virus HN protein, has been substituted 
with another amino acid. 

14. A method according to any one of claims 7 to 13, wherein 
the (-) strand RNA virus vector further comprises a mutation in the 
P and/or L gene. 

35 15. The method according to claim 14, wherein the mutation in 

the P gene is a substitution of an amino acid position of the (-) strand 
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RNA virus P protein, corresponding to E86 and/or L511 of a Sendai 
virus P protein, with another amino acid. 

16 . The method according to claim 14 or 15, wherein the mutation 
in the L gene is a substitution of an amino acid position of the 

5 (-) strand RNA virus L protein, corresponding to N1197 and/or K1795 
of a Sendai virus L protein, with another amino acid. 

17. A method according to any one of claims 7 to 16, wherein 

the method comprises reconstituting a vector at 35°C or a lower 
temperature , 

10 18. A method according to any one of claims 1 to 17, wherein 

the (-) strand RNA virus is a paramyxovirus. 

19. The method according to claim 18, wherein the paramyxovirus 
is a Sendai virus. 

20. A recombinant (-) strand RNA virus vector produced by a 
15 method according to any one of claims 7 to 14, wherein the particle 

formation ability of the vector has been reduced or eliminated. 

21. A recombinant (-) strand RNA virus, comprising a functional 
M protein, but whose M protein-encoding sequence is deleted in the 
genome of the virus. 

20 22. A recombinant (-) strand RNA virus comprising at least one 

feature selected from the group consisting of the following (a) to 
(d) : 

(a) the M protein encoded in the genome of the virus comprises a 
substitution of an amino acid, corresponding to at least one amino 

25 acid position selected from the group consisting of G69, T116 and 
A183 of a Sendai virus M protein, with another amino acid; 

(b) the HN protein encoded in the genome of the virus comprises a 
substitution of an amino acid, corresponding to at least one amino 
acid position selected from the group consisting of A262, G264, and 

30 K4 61 of a Sendai virus HN protein, with another amino acid; 

(c) the P protein encoded in the genome of the virus comprises a 
substitution of an amino acid, corresponding to the amino acid position 
of E8 6 or L511 of a Sendai virus P protein, with another amino acid; 

(d) the L protein encoded in the genome of the virus comprises a 
35 substitution of an amino acid, corresponding to the amino acid position 

of N1197 and/or K1795 of a Sendai virus L protein or an amino acid 
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of another {-) strand RNA virus M protein homologous thereto, with 
another amino acid, 

23. The virus according to claim 22 comprising the features 
of at least (a) and (b) . 
5 24. The virus according to claim 22 comprising the features 

of at least (c) and (d) . 

25. The virus according to claim 22 comprising the features 
of all of (a) to (d) . 

26- A virus according to any one of claims 21 to 25, wherein 
10 at least one sequence encoding a spike protein in the genome of the 
virus is further deleted. 

27. The virus according to claim 26, wherein the spike protein 
is an F protein. 

28. A virus according to any one of claims 21 to 27, wherein 
15 the {-) strand RNA virus is a paramyxovirus. 

29. The virus according to claim 28, wherein the paramyxovirus 
is a Sendai virus. 

30. A recombinant virus according to any one of claims 21 to 

29, which is used for reducing cytotoxicity upon gene introduction, 
20 31. A recombinant virus according to any one of claims 21 to 

30, which is used for inhibiting the reduction in the expression level 
of an introduced gene upon gene introduction. 

32. A recombinant virus according to any one of claims 21 to 

31, which is used for inhibiting the release of a virus-like particle 
25 (VLP) from a cell into which a virus has been introduced upon gene 

transduction. 

33. An aqueous solution comprising a recombinant virus 
according to any one of claims 21 to 32 at a level of 10^ ClU/ml or 
higher . 
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ABSTRACT 

The present invention provides methods for testing and producing 
(-) strand RNA virus vectors with reduced or eliminated particle 
5 formation ability or cytotoxicity. It was revealed that a deficiency 
in M protein localization in cells introduced with such a (-) strand 
RNA virus vector could result in the suppression of virus-like 
particle (VLP) formation in the cells . The present invention provides 
methods for testing and screening for a (-) strand RNA virus vector 

10 in which particle formation ability has been reduced or eliminated, 
and methods for producing a recombinant (-) strand RNA virus vector 
in which particle formation ability has been reduced or eliminated. 
Such a vector, in which VLP formation has been reduced or eliminated, 
is extremely useful as a vector for gene therapy, since it neither 

15 induces cytotoxicity nor immune response due to the secondary release 
of viruses from cells in which it has been introduced. 
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